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ABSTRACT 
The n a t i o n a l p e a n u t p r o c e s s i n g i n d u s t r y s p e n d s a p p r o x i m a t e l y 1 .2 
m i l l i o n d o l l a r s a n u a l l y i n hand q u a l i t y p i c k i n g S p a n i s h and Runner t y p e 
p e a n u t s f o r t h e e d i b l e m a r k e t . O t h e r i n d u s t r i e s u s i n g h a n d q u a l i t y p i c k ­
i n g o p e r a t i o n s , s u c h a s c o f f e e and f r u i t p r o c e s s i n g , a r e f a c e d w i t h s i m ­
i l a r n i g h p i c k i n g and g r a d i n g c o s t s . 
The a im of t h i s t h e s i s was t o r e f i n e t h e b a s i s f o r s e l e c t i n g 
s u c c e s s f u l o p e r a t o r s a n d f o r t h e d e t e r m i n a t i o n o f hand q u a l i t y p i c k i n g 
c o n d i t i o n s w h i c h maxiinize t h e p i c k i n g r a t e . I n more s p e c i f i c t e r m s , t h e 
f o l l o w i n g a r e t h e o b j e c t i v e s of t h e t h e s i s : 
1 . To s e l e c t t e s t s wh ich d i s c r i m i n a t e be tween a p t i t u d e c h a r ­
a c t e r i s t i c s of s u c c e s s f u l and u n s u c c e s s f u l h a n d q u a l i t y 
p i c k e r s . 
2 . To d e t e r m i n e an i n d e x of c o r r e l a t i o n be tween t e s t p e r f o r ­
mance and an o p e r a t o r ' s p i c k i n g r a t e . 
3 . To d e v e l o p d e n s i t y - b e l t s p e e d c o m b i n a t i o n s wh ich r e ­
s u l t i n optimum p i c k i n g r a t e s and h i g h p i c k i n g q u a l i t y 
f o r 
a . A c o n s t a n t r a t e of f l o w of o b j e c t s , 
b . Damage c o n t e n t s , 
c . O p e r a t o r s g r o u p e d i n t o c l a s s e s a c c o r d ­
i n g t o t h e i r s c o r e s of s e l e c t e d a p t i ­
t u d e t e s t s . 
By means of a p t i t u d e t e s t s n i n e o p e r a t o r s , f rom a t o t a l of It? 
s t u d e n t s of t h e G e o r g i a I n s t i t u t e of Techno logy , we re chosen a s e x p e r i ­
m e n t a l s u b j e c t s . They w e r e g rouped by s c o r e s i n t o t h r e e c l a s s e s ( q u a r -
t i l e s ) from e a c h of which t h r e e s t u d e n t s were chosen a t random a s e x ­
p e r i m e n t a l s u b j e c t s . The e x p e r i m e n t s w e r e c o n d u c t e d i n t h e l a b o r a t o r y 
v i i i 
of t h e S c h o o l of I n d u s t r i a l E n g i n e e r i n g u s i n g G r e a t N o r t h e r n b e a n s a s 
o b j e c t s i n t h e e x p e r i m e n t s . 
A f a c t o r i a l , mixed model e x p e r i m e n t was d e s i g n e d t o examine t h e 
f o l l o w i n g i n d e p e n d e n t v a r i a b l e s : 
1 . Th ree c l a s s e s of o p e r a t o r s b a s e d on a p t i t u d e s c o r e s , 
2 . Three o p e r a t o r s w i t h i n e a c h of t h e c l a s s e s , 
3 . Four d e n s i t y - b e l t s p e e d c o m b i n a t i o n s f o r a c o n s t a n t 
r a t e o f f l o w , 
U. Two damage c o n t e n t s , 
5 . Two r e p l i c a t i o n s , 
w h i l e t h e s u c c e e d i n g i n d e p e n d e n t v a r i a b l e s were h e l d c o n s t a n t : 
1 . O p e r a t o r p o s i t i o n r e l a t i v e t o t h e p i c k i n g b e l t 
( s i d e p o s i t i o n ) , 
2 . P i c k i n g method ( " p i c k and t h r o w " m e t h o d ) . 
From a s t a t i s t i c a l and g r a p h i c a l a n a l y s i s of t h e e x p e r i m e n t a l 
d a t a t h e f o l l o w i n g c o n c l u s i o n s were d rawn : 
1 . A b a t t e r y of p s y c h o l o g i c a l t e s t s was found t o d i s ­
c r i m i n a t e be tween a p t i t u d e c h a r a c t e r i s t i c s of good 
o p e r a t o r s ( c l a s s 1 , u p p e r q u a r t i l e ) and a v e r a g e o p ­
e r a t o r s ( c l a s s 2 and 3> m i d d l e q u a r t i l e s ) . The 
b a t t e r y c o n s i s t e d of t h e f o l l o w i n g t e s t s : 
a . The P u r d u e P e g b o a r d T e s t , R i g h t p l u s L e f t 
p l u s Both Hands T e s t and Assembly T e s t , 
b . The Moore Eye-Hand C o o r d i n a t i o n and C o l o r -
M a t c h i n g T e s t , 
c . The Bausch a n d Lomb V i s u a l C l a s s i f i c a t i o n 
and P l a c e m e n t T e s t . 
2 . An i n d e x of c o r r e l a t i o n be tween t h e s c o r e s on t h e 
b a t t e r y of t e s t s and t h e o p e r a t o r s 1 p i c k i n g r a t e s o f 
d e f e c t i v e o b j e c t s was found t o be . 8 7 7 , Th i s i n d e x 
i s s i g n i f i c a n t a t t h e , 0 0 1 p r o b a b i l i t y l e v e l of l i n ­
e a r c o r r e l a t i o n c o e f f i c i e n t s . 
3 . Optimum p i c k i n g r a t e s and h i g h p i c k i n g q u a l i t y , f o r 
a r a t e of f l ow of 7 . 7 5 pounds of o b j e c t s p e r m i n u t e , 
i x 
w e r e found t o r e s u l t from a d e n s i t y of 22 p e r c e n t 
and a b e l t s p e e d o f U6 f e e t p e r m i n u t e f o r a l l o p ­
e r a t o r s and b o t h damage c o n t e n t s . 
Recommendations w e r e g i v e n l e a d i n g t o f u r t h e r r e f i n e m e n t of hand 
q u a l i t y p i c k i n g of s m a l l o b j e c t s : 
1 . D i f f e r e n t f low r a t e s , p a r t i c u l a r l y h i g h e r r a t e s , 
s h o u l d be i n v e s t i g a t e d . 
2 . The b a t t e r y o f t e s t s s h o u l d b e v a l i d a t e d on e x p e r i ­
e n c e d female o p e r a t o r s . 
3 . A l e a r n i n g e f f e c t s h o u l d be m i n i m i z e d i n t h e e x p e r i ­
m e n t a l d a t a . 
U. E x p e r i m e n t a t i o n s h o u l d be e x t e n d e d t o t h e u s e o f o t h e r 
o b j e c t s b e s i d e s G r e a t N o r t h e r n b e a n s . 
5 . S m a l l e r b e l t w i d t h s s h o u l d be i n v e s t i g a t e d . 
CHAPTER I 
INTRODUCTION 
G e n e r a l . — A l a r g e number of b u s i n e s s e n t e r p r i s e s of t h e S o u t h e r n S t a t e s 
compose wha t i s r e f e r r e d t o i n t h i s s t u d y a s t h e p e a n u t p r o c e s s i n g i n ­
d u s t r y . I n t h i s s p e c i f i c i n d u s t r y a l a r g e a n n u a l l a b o r e x p e n s e i s i n ­
c u r r e d i n t h e b u y i n g and m a r k e t i n g o f i t s p r o d u c t s . Damaged o b j e c t s and 
f o r e i g n m a t e r i a l a r e hand p i c k e d i n p r o c e s s i n g t h e p e a n u t s f o r t h e e d i ­
b l e t r a d e m a r k e t . T h i s " q u a l i t y p i c k i n g a c c o u n t s f o r a p p r o x i m a t e l y o n e -
h a l f of t h e t o t a l l a b o r c o s t s and a b o u t o n e - f i f t h of t h e t o t a l p r o c e s s ­
i n g c o s t s i n s h e l l i n g f a r m e r ' s s t o c k p e a n u t s . " ( l ) 
I n economic s t u d i e s of t h e y e a r 1952 i t was found t h a t t h e c o s t 
f o r t h e r e m o v a l of e a c h one p e r c e n t of damaged p e a n u t s , f a r m e r s ' s t o c k 
b a s i s , from one t o n of f a r m e r s ' s t o c k S p a n i s h p e a n u t s was s e v e n d o l l a r s 
( 2 ) . F u r t h e r m o r e i t was e s t i m a t e d t h a t , due t o t h e d i f f e r e n c e i n s i z e 
and w e i g h t of R u n n e r - t y p e and S p a n i s h - t y p e p e a n u t s , i t c o s t s a b o u t f i v e 
d o l l a r s t o remove e a c h one p e r c e n t of damage, f a r m e r s * s t o c k b a s i s , 
from one t o n o f f a r m e r s ' s t o c k R u n n e r - t y p e p e a n u t s . Because o f an a v e r ­
age damage c o n t e n t of 1 . 0 5 p e r c e n t , f a r m e r s ' s t o c k b a s i s , t o be removed 
from S p a n i s h and Runner p e a n u t s ( 3 ) . and a n a t i o n a l y i e l d of, f o r i n ­
s t a n c e , 1 9 1 , 0 0 0 t o n s of t h e s e two t y p e s of p e a n u t s m i l l e d f o r t h e e d i b l e 
t r a d e m a r k e t i n t h e y e a r 1952 (h)j an a p p r o x i m a t e t o t a l l a b o r c o s t o f 
1.2 m i l l i o n d o l l a r s o c c u r r e d f o r t h e n e c e s s a r y hand q u a l i t y p i c k i n g o p ­
e r a t i o n on t h e s e two c o m m o d i t i e s . 
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The m a g n i t u d e of such a y e a r l y e x p e n s e f o r a s i n g l e o p e r a t i o n 
s u g g e s t s a wide f i e l d f o r economic i n v e s t i g a t i o n s . O the r i n d u s t r i e s 
a r e f a c e d w i t h s i m i l a r a n a l y s e s a s , f o r i n s t a n c e , t h e c o f f e e p r o c e s s i n g 
i n d u s t r y w i t h i t s hand q u a l i t y p i c k i n g o p e r a t i o n , t h e f r u i t p r o c e s s o r s 
w i t h t h e i r c l o s e l y a l l i e d g r a d i n g o p e r a t i o n , and many o t h e r s . 
S t a t e m e n t o f t h e P r o b l e m . — Wi th t h e e x c e p t i o n of an e x p l o r a t o r y s t u d y 
made by Calhoun ($) and t h e i n v e s t i g a t i o n s c o n d u c t e d by Moder and a s s o ­
c i a t e s t h e r e h a s been no p u b l i s h e d l i t e r a t u r e on which t o e s t a b l i s h a 
b a s i s t h a t w i l l a l l o w making d e c i s i o n s t o m i n i m i z e t h e c o s t of hand 
q u a l i t y p i c k i n g . T h i s t h e s i s a ims t o b a s e i t s e x p e r i m e n t a t i o n upon t h e 
r e s u l t s of t h e s e e a r l i e r s t u d i e s and a ims t o s e a r c h f o r a more r e f i n e d 
b a s i s f o r t h e d e t e r m i n a t i o n of optimum hand q u a l i t y p i c k i n g c o n d i t i o n s . 
CHAPTER I I 
PRESENT STATUS OF THE PROBLEM 
A s h o r t d e s c r i p t i o n o f t h e hand q u a l i t y p i c k i n g o p e r a t i o n w i l l 
be p r e s e n t e d , f o l l o w e d by a c r i t i c a l r e v i e w of p r e v i o u s i n v e s t i g a t i o n s 
which s t u d i e d e a c h f a c t o r i n f l u e n c i n g t h e o u t p u t of t h i s o p e r a t i o n o r 
i n t i m a t e l y r e l a t e d p r o b l e m s . 
D e s c r i p t i o n of t h e P r o b l e m . — I n g e n e r a l t e r m s t h e o p e r a t i o n of hand 
q u a l i t y p i c k i n g i s a s f o l l o w s : The o b j e c t s t o be q u a l i t y p i c k e d a r e p r e ­
s e n t e d t o t h e o p e r a t o r by means of a conveyo r b e l t . The damaged o b j e c t s 
a r e t o be r e c o g n i z e d and p i c k e d by t h e o p e r a t o r a s t h e y move w i t h i n h i s 
r e a c h and a r e t o b e p l a c e d a s i d e . The number of d e f e c t i v e o b j e c t s p i c k e d 
p e r m i n u t e and t h e p e r c e n t o f good o b j e c t s i n t h e p i c k o u t s d e t e r m i n e t h e 
r a t e and t h e q u a l i t y of t h e p i c k i n g o p e r a t i o n , r e s p e c t i v e l y . 
A t t a c k of t h e P r o b l e m . — A b r i e f c o n s i d e r a t i o n of t h e p r o b l e m may s u g g e s t 
i t s a d e q u a t e t r e a t m e n t by a mo t ion and t ime s t u d y . Malcom and DeGarmo 
( 6 ) however , i n a s t u d y on v i s u a l i n s p e c t i o n of p r o d u c t s f o r s u r f a c e c h a r ­
a c t e r i s t i c s i n g r a d i n g o p e r a t i o n s , r a i s e d v a l i d o b j e c t i o n t o such an a n a l ­
y s i s of t h e p r o b l e m - F o r two ma jo r r e a s o n s u s u a l work measurement me thods 
a r e of q u e s t i o n a b l e v a l u e i n d e t e r m i n i n g optimum work and l a b o r r e q u i r e ­
men t s f o r g r a d i n g o p e r a t i o n s a s t h e o p e r a t i o n i s c u r r e n t l y p e r f o r m e d : 
1 . The t a s k can n o t be s t a n d a r d i z e d b e c a u s e d e f e c t i v e 
o b j e c t s u s u a l l y a r e r andomly s p a c e d and a r e h a p h a z ­
a r d l y p r e s e n t e d t o t h e i n s p e c t o r ' s v i s u a l f i e l d . 
2 . The measurement of v i s u a l r e a c t i o n - d e c i s i o n t i m e on 
t h e p a r t of an i n s p e c t o r would b e d i f f i c u l t , i f n o t 
i m p o s s i b l e , by t h e s u g g e s t e d method b e c a u s e g r a d i n g 
i n v o l v e s s u b j e c t i v e , i n t e r n a l work t h a t i s n o t o b ­
s e r v a b l e b y ou tward p h y s i c a l i n d i c a t o r s . 
I n d i v i d u a l t i m e s t a n d a r d s f o r g r a d i n g wou ld t h e r e f o r e b e d i f f i c u l t t o 
d e t e r m i n e b e c a u s e t h e g r a d i n g j o b i t s e l f c a n n o t b e d e f i n e d i n t e r m s t h a t 
a r e c o m p l e t e l y o b s e r v a b l e and h e n c e m e a s u r a b l e i n u n i t s of t i m e . 
The l o g i c a l a t t a c k of t h e p r o b l e m i s t h e d e t e r m i n a t i o n of s i g n i ­
f i c a n t f a c t o r s i n v o l v e d i n t h e p i c k i n g o p e r a t i o n t h r o u g h e x p e r i m e n t a l 
i n v e s t i g a t i o n . Once t h e s e f a c t o r s and t h e i r r e l a t i v e m a g n i t u d e a r e 
known t h e optimum p i c k i n g c o n d i t i o n s f o r s p e c i f i c i n d u s t r i a l s i t u a t i o n s 
can be e s t a b l i s h e d . Each f a c t o r w i l l be d i s c u s s e d s e p a r a t e l y . 
O p e r a t o r . — A s i g n i f i c a n t d i f f e r e n c e i n t h e p i c k o u t r a t e s of t h e o p e r ­
a t o r s h a s been found by Calhoun ( 7 ) . I n t h i s s t u d y , a d i f f e r e n c e of 
1U.2 p e r c e n t be tween t h e s l o w e s t and t h e f a s t e s t o f f o u r e x p e r i e n c e d 
o p e r a t o r s , b a s e d upon t h e a v e r a g e p i c k o u t r a t e , was found . T h i s r e s u l t 
s u b s t a n t i a t e s s i m i l a r f i n d i n g s b y Kovak (8 ) i n an e a r l i e r s t u d y of t h i s 
s u b j e c t , wh ich l e a d s t o t h e c o n c l u s i o n t h a t i t m i g h t be s u c c e s s f u l t o 
d e v i s e t e s t i n g p r o c e d u r e s f o r t h e s e l e c t i o n o f o p e r a t o r s b e s t s u i t e d f o r 
q u a l i t y p i c k i n g . Two p r i n c i p a l f a c t o r s a c c o u n t f o r t h e l a r g e d i f f e r e n c e s 
o f t h e o p e r a t o r s ' p i c k i n g r a t e s : f i r s t , t h e v i s u a l r e a c t i o n - d e c i s i o n 
t i m e i n w h i c h t h e o p e r a t o r d e c i d e s which of t h e o b j e c t s s h o u l d be p i c k e d 
o u t and s e c o n d , t h e m a n i p u l a t i v e s k i l l w i t h wh ich t h e o p e r a t o r r e a c h e s 
f o r , p i c k s o u t , and p l a c e s t h e o b j e c t a s i d e . 
I n e x t e n s i v e t e s t s on v i s u a l i m p r e s s i o n t i m e i t was found t h a t 
t h e b r i e f e s t i n t e r v a l o f t i m e t h a t i s p o s s i b l e f o r an o b s e r v e r t o f i x a t e 
an o b j e c t i n o r d e r t o g a i n an a d e q u a t e v i s u a l i m p r e s s i o n w a s , on t h e 
a v e r a g e , 0 . 1 7 s e c o n d s ( 9 ) . I t t h e r e f o r e can be assumed t h a t , due t o 
a minimum v i s u a l i m p r e s s i o n t i m e , t h e r e e x i s t s a maximum p i c k i n g r a t e 
f o r e a c h i n d i v i d u a l o p e r a t o r which n o r m a l l y may n o t be e x c e e d e d ( 1 0 ) . 
V i s u a l i m p r e s s i o n t i m e f o r s m a l l o b j e c t s i s d e p e n d e n t upon good v i s i o n . 
The i m p o r t a n c e of good v i s i o n h a s been amply d e m o n s t r a t e d by T i f f i n ( 1 1 ) 
who found h i g h c o r r e l a t i o n be tween t h e t e s t s c o r e s of v i s u a l a c u i t y 
t e s t s a n d , f o r i n s t a n c e , t h e a c c u r a c y of i n s p e c t i o n of t i n p l a t e i n s p e c ­
t o r s , o r t h e h o u r l y o u t p u t of h o s i e r y l o o p e r s , r e s p e c t i v e l y . 
I n an e x p l o r a t o r y s t u d y F l e i shman and Hempel ( 1 2 ) d e s c r i b e t h e 
i s o l a t i o n of f i v e common f a c t o r s which were i d e n t i f i e d t o a c c o u n t f o r 
p e r f o r m a n c e on f i f t e e n d i f f e r e n t t e s t s o f d e x t e r i t y . A c c o r d i n g t o t h e i r 
d e f i n i t i o n s , t h e f o l l o w i n g t h r e e f a c t o r s seem t o be of p r i m a r y i m p o r t a n c e 
i n t h e p i c k i n g o p e r a t i o n : 
1 . Manual d e x t e r i t y , r e p r e s e n t i n g t h e a b i l i t y t o make 
s k i l l f u l arm a n d hand movements . 
2 . F i n g e r d e x t e r i t y , d e f i n i n g t h e a b i l i t y t o c o o r d i n a t e 
f i n g e r movements i n p e r f o r m i n g f i n e m a n i p u l a t i o n s . 
3* Aiming , i d e n t i f y i n g t h e a b i l i t y t o p e r f o r m q u i c k l y 
and p r e c i s e l y a s e r i e s of movements r e q u i r i n g e y e - h a n d 
c o o r d i n a t i o n . 
F a c e * — I n a n a l y z i n g e x p e r i m e n t a l d a t a i t i s o f v i t a l i m p o r t a n c e t h a t 
t h e s e d a t a a r e c o l l e c t e d u n d e r p r e c i s e l y known c o n d i t i o n s . The p a c e 
( o r s p e e d ) a t w h i c h t h e o p e r a t o r p e r f o r m s a c e r t a i n t a s k i s d i f f i c u l t 
t o m a i n t a i n a t a s p e c i f i c l e v e l . I n s t u d i e s on b a s i c manua l m o t i o n p a t ­
t e r n s i t h a s been found , however , t h a t p e r f o r m i n g a t a s k a t a v e r y f a s t 
s p e e d r e s u l t s i n l e s s v a r i a t i o n i n t i m e ( i n c o n s i s t e n c y ) t h a n a t a l o w e r 
s p e e d ( 1 3 ) . 
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F a t i g u e . — V i t e l e s i n v e s t i g a t e d t h e e f f e c t of f a t i g u e upon t h e r a t e of 
p r o d u c t i o n . He found t h a t t h e c u r v e of i n d u s t r i a l o u t p u t v a r i e s w i t h 
t h e o p e r a t o r a n d w i t h t h e k i n d of work d o n e . I n compar ing s k i l l f u l and 
d e x t r o u s work w i t h o r d i n a r y , n o n - s t r e n u o u s work , s u c h a s i s found , f o r 
i n s t a n c e , i n a mach ine s h o p , V i t e l e s made t h e f o l l o w i n g r e m a r k : "When 
t h e work i s c h a r a c t e r i z e d by s k i l l and d e x t e r i t y , t h e r e i s a s l o w e r , 
more g r a d u a l r i s e t o t h e maximum, f o l l o w e d by a l e s s o b v i o u s f a l l d u r ­
i n g t h e m o r n i n g , a l e s s c o m p l e t e r e c o v e r y a f t e r l u n c h e o n , a n d a much 
s m a l l e r d rop a t t h e c l o s e of t h e a f t e r n o o n . " ( lU) W i t h p r o p e r w o r k i n g 
c o n d i t i o n s and r e s t p a u s e s u s e d i n t h i s s t u d y i t i s f e l t t h a t t h e e f f e c t 
of f a t i g u e upon t h e i n v e s t i g a t e d hand p i c k i n g o p e r a t i o n i s l i k e l y t o be 
s o s m a l l t h a t i t c o u l d be o m i t t e d a s a s i g n i f i c a n t f a c t o r . 
Work P l a c e . — Two v a r i a b l e s , t h e w o r k - s u r f a c e h e i g h t and t h e i l l u m i n a ­
t i o n of t h e work p l a c e , a r e r e g a r d e d t o a f f e c t s i g n i f i c a n t l y t h e p i c k i n g 
r a t e . Each v a r i a b l e s h o u l d b e d i s c u s s e d s e p a r a t e l y . 
Work -Su r f ace H e i g h t : E l l i s ( l £ ) found a h i g h c o n s i s t e n c y among 
f o r t y - e i g h t ma le s u b j e c t s t e s t e d i n h i s s t u d i e s of m a n i p u l a t i v e p e r f o r m ­
a n c e , f e e l i n g s and l o c u s of m u s c u l a r s t r a i n , and s u b j e c t i v e judgement of 
p r e f e r e n c e t o w o r k - s u r f a c e h e i g h t . The r e s u l t i n g a v e r a g e w o r k - s u r f a c e 
h e i g h t f o r male s u b j e c t s c o r r e s p o n d s t o an a v e r a g e d i s t a n c e of a p p r o x i ­
m a t e l y t h r e e i n c h e s be low t h e e lbow. Even i f t h e t a s k , t h a t t h e c o n c l u ­
s i o n i s b a s e d u p o n , l a s t e d o n l y a s h o r t p e r i o d of t i m e t h e r e s u l t s a r e 
c o n s i d e r e d t o be v a l i d b e c a u s e of t h e i r c l o s e a g r e e m e n t w i t h e m p i r i c a l 
v a l u e s ( 1 6 ) . 
I l l u m i n a t i o n : The i n t e n s i t y of i l l u m i n a t i o n a t t h e work p l a c e 
a f f e c t s t h e t ime r e q u i r e d f o r s e e i n g . I f t h e c e r t a i n t y of s e e i n g a 
g i v e n o b j e c t i s t o b e i n c r e a s e d from t h r e s h o l d ( p o i n t of minimum v i s i o n ) 
t o one h u n d r e d p e r c e n t c e r t a i n t y , t h e t i m e a v a i l a b l e f o r s e e i n g mus t b e 
d o u b l e d ( 1 7 ) . T h i s s t a t e m e n t , a p p l i e d t o optimum c o n d i t i o n s f o r t h e 
p i c k i n g o p e r a t i o n , c o u l d be r eworded a s f o l l o w s : The i n t e n s i t y of i l l u ­
m i n a t i o n must b e of s u c h m a g n i t u d e t h a t t h e minimum v i s u a l i m p r e s s i o n 
t i m e of t h e i n d i v i d u a l o p e r a t o r i s s u f f i c i e n t t o s e e t h e d e f e c t i v e o b ­
j e c t s . Marks (18 ) recommends f o r i n s p e c t i o n work an i l l u m i n a t i o n l e v e l 
be tween 30 and 100 f o o t c a n d l e s a t t h e w o r k - s u r f a c e . For p i c k i n g s m a l l 
o b j e c t s an a v e r a g e i n t e n s i t y l e v e l of 65 f o o t c a n d l e s i s r e g a r d e d t o be 
s a t i s f a c t o r y . 
O p e r a t o r P o s i t i o n . — Two v a r i a t i o n s of t h e p o s i t i o n s of t h e o p e r a t o r s 
i n r e f e r e n c e t o t h e conveyo r b e l t a r e f o u n d t o b e i n common u s e . I n 
1 1 g r o u p - p i e k i n g " s e v e r a l o p e r a t o r s a r e s t a t i o n e d a l o n g e a c h s i d e of t h e 
conveyor b e l t a l o n g which t h e p e a n u t s p a s s . T h i s p o s i t i o n i s r e f e r r e d 
t o a s s i d e p o s i t i o n . I n " i n d i v i d u a l p i c k i n g " one o p e r a t o r i s l o c a t e d 
a t t h e end of t h e conveyor b e l t which moves t h e p e a n u t s t o w a r d s h im. 
T h i s p o s i t i o n i s known a s end p o s i t i o n . 
I n l a b o r a t o r y t e s t s Moder and Dwyer ( 1 9 ) found t h a t by u s i n g t h e 
end p o s i t i o n s i g n i f i c a n t l y h i g h e r p i c k i n g r a t e s can be o b t a i n e d t h a n w i t h 
t h e s i d e p o s i t i o n . However, s i n c e a change i n t h e p i c k i n g method was 
i n c l u d e d i n t h e s e t e s t s , n o d i r e c t s u b s t a n t i a t i o n of t h e i n c r e a s e d p i c k ­
i n g r a t e due t o end p o s i t i o n c o u l d be p r o v e d . Calhoun ( 2 0 ) found i n h i s 
f a c t o r y e x p e r i m e n t s w i t h e x p e r i e n c e d o p e r a t o r s t h a t h a l f of h i s s u b j e c t s 
had b e t t e r p i c k i n g r a t e s w i t h t h e s i d e p o s i t i o n , t h e o t h e r h a l f had a 
h i g h e r r a t e w i t h t h e end p o s i t i o n . The a v e r a g e i n c r e a s e i n t h e p i c k i n g 
r a t e of t h e o p e r a t o r s f a v o r i n g t h e s i d e p o s i t i o n was 3«7 p e r c e n t , w h i l e 
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t h e a v e r a g e i n c r e a s e of t h e g roup f a v o r i n g t h e end p o s i t i o n was o n l y 
1*2 p e r c e n t , b a s e d upon t h e g r a n d a v e r a g e p i c k i n g r a t e of a l l o p e r ­
a t o r s . 
C a l h o u n ' s r e s u l t s a r e b a c k e d by a s t u d y by K e p h a r t and B e s n a r d 
(21) on v i s u a l d i f f e r e n t i a t i o n o f moving o b j e c t s . These i n v e s t i g a t o r s 
found t h a t t h e a c t u a l d i s c r i m i n a t i o n o f moving o b j e c t s i s much e a s i e r 
when t h e s e o b j e c t s a r e v i e w e d from t h e s i d e r a t h e r t h a n when t h e y a r e 
v i ewed coming t o w a r d s t h e s u b j e c t . 
P i c k i n g M e t h o d . — The most common p i c k i n g method found i n t h e p e a n u t 
i n d u s t r y i s t e r m e d t h e " r o l l " me thod . I n t h i s p i c k i n g method t h e o p e r ­
a t o r p i c k s t h e o b j e c t s w i t h thumbs and f o r e - f i n g e r s of b o t h h a n d s , r o ­
t a t e s t h e h a n d s and r e l e a s e s t h e o b j e c t s i n t o t h e pa lms o f t h e h a n d s . 
These m o t i o n s a r e r e p e a t e d u n t i l t h e hands a r e f u l l and t h e n t h e o b j e c t s 
a r e t o s s e d a s i d e . 
I n t h e s e c o n d method t h e damaged o b j e c t s a r e p i c k e d w i t h b o t h 
h a n d s a s d e s c r i b e d above and a r e t h e n i m m e d i a t e l y th rown a s i d e , w i t h a 
s i m p l e w r i s t movement, i n t o a c o n t a i n e r . T h i s method i s c a l l e d t h e 
" p i c k and t h r o w " me thod . 
Ca lhoun (22 ) found f o r t h e " p i c k and t h r o w " method a s i g n i f i c a n t l y 
h i g h e r p i c k o u t r a t e t h a n w i t h t h e " r o l l " me thod . The d i f f e r e n c e was 8 , 3 
p e r c e n t , b a s e d upon t h e g r a n d a v e r a g e p i c k o u t . Wi th t h i s p i c k i n g method 
a l l h i s o p e r a t o r s p r o v e d t o be c o n s i s t e n t l y s u p e r i o r a t e v e r y l e v e l t e s t e d . 
R a t e of Flow of O b j e c t s . — One measu re of t h e r a t e of f l o w i s t h e w e i g h t 
of o b j e c t s p a s s i n g an o p e r a t o r p e r u n i t of t i m e . T h i s measu re can be 
d e f i n e d by t h e f o l l o w i n g e q u a t i o n : 
H a t e o f Flow ( l b s / m i n ) = B e l t Speed ( f t / m i n ) x B e l t Wid th ( f t ) 
x D e n s i t y of O b j e c t s on B e l t 
f wt of o b j / f t 2 
wt of o b j / f t 2 _ 
x Weight of O b j e c t s ( l b s / f t 2 ) 
I n t h e above fo rmu la t h e d e n s i t y of o b j e c t s on t h e b e l t i s t h e 
r a t i o of t h e a c t u a l w e i g h t of o b j e c t s p e r u n i t a r e a of t h e b e l t o v e r an 
e x p e r i m e n t a l l y d e r i v e d w e i g h t of o b j e c t s p e r u n i t a r e a r e p r e s e n t i n g 100 
p e r c e n t d e n s i t y . T h i s r a t i o can be e s t a b l i s h e d by w e i g h i n g t h e number 
of o b j e c t s p l a c e d i n such a manner i n t h e u n i t a r e a t h a t t h e r e i s n o 
more room f o r more o b j e c t s w i t h o u t t h e i r h a v i n g t o r e s t on t o p of o t h e r s . 
The w e i g h t o f o b j e c t s i n t h e above f o r m u l a i s t h e t o t a l w e i g h t of a l l 
o b j e c t s i n t h e u n i t a r e a w i t h 100 p e r c e n t d e n s i t y . 
W i t h a c o n s t a n t r a t e of f l ow and f i x e d e x p e r i m e n t a l c o n d i t i o n s 
( b e l t w i d t h and w e i g h t of o b j e c t s ) i t i s p o s s i b l e t o a r r i v e a t an i n f i ­
n i t e number of d i f f e r e n t d e n s i t y - b e l t s p e e d c o m b i n a t i o n s . The r e a s o n 
f o r t h i s becomes o b v i o u s by e x a m i n i n g t h e r a t e of f l ow f o r m u l a ; a n i n ­
c r e a s e i n b e l t s p e e d , f o r i n s t a n c e , h a s t o r e s u l t i n a d e c r e a s e of t h e 
d e n s i t y of t h e o b j e c t s on t h e b e l t and v i c e v e r s a . The i m p o r t a n c e of 
b o t h of t h e v a r i a b l e s i s d i s c u s s e d be low. 
Moder ( 2 3 ) found i n l a b o r a t o r y t e s t s t h a t t h e b e l t s p e e d , when 
v a r i e d be tween 10 and 60 f e e t p e r m i n u t e , d i d n o t a p p r e c i a b l y a f f e c t t h e 
p i c k i n g r a t e when a s u f f i c i e n t number of o b j e c t s was d e l i v e r e d t o keep 
t h e o p e r a t o r b u s y . On t h e o t h e r hand , Calhoun r e a l i z e d i n f a c t o r y e x ­
p e r i m e n t s t h a t o p e r a t o r s r e a c t e d s i g n i f i c a n t l y d i f f e r e n t t o a change i n 
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t h e b e l t s p e e d . H i s s t u d y was l i m i t e d t o t h e i n v e s t i g a t i o n of o n l y two 
d i f f e r e n t b e l t s p e e d s , a f a c t wh ich makes i t i m p o s s i b l e t o d e t e r m i n e 
e x a c t l y wh ich b e l t s p e e d r e s u l t s i n optimum p i c k i n g r a t e s . 
I n C a l h o u n ' s s t u d y t h e d e n s i t y and t h e damage c o n t e n t of t h e o b ­
j e c t s were i n v e s t i g a t e d a s one combined v a r i a b l e w i t h c o n s t a n t p r o d u c t s . 
The r e s u l t s showed t h a t t h e l o w e s t of t h e t h r e e i n v e s t i g a t e d l e v e l s , w h i c h 
h a d a d e n s i t y of 33* 3 p e r c e n t and a damage c o n t e n t of h p e r c e n t , d i d 
more t h a n any o t h e r f a c t o r t o improve t h e p i c k i n g r a t e (2UJ- The f i n d i n g s 
a g a i n a r e l i m i t e d b e c a u s e of t h e p o s s i b i l i t y of more f a v o r a b l e l e v e l s of 
d e n s i t i e s l o w e r t h a n 3 3 - 3 p e r c e n t and damage c o n t e n t s h i g h e r t h a n h p e r 
c e n t . 
Damage C o n t e n t . — The damage c o n t e n t i s t h e p e r c e n t a g e , f i g u r e d on a 
w e i g h t b a s i s , o f t h e o b j e c t s i n q u e s t i o n t h a t a r e damaged. Moder (25 ) 
found i n h i s s t u d i e s t h a t t h e a v e r a g e damage c o n t e n t s of S p a n i s h - t y p e 
and R u n n e r - t y p e p e a n u t s of t h e c r o p s o f 19u9 t o 1952 r a n g e d from 0 . 8 0 
p e r c e n t t o 3.76 p e r c e n t , b a s e d on f a r m e r s ' s t o c k . 
As m e n t i o n e d a b o v e , Ca lhoun found h i s h i g h e s t i n v e s t i g a t e d l e v e l 
of h p e r c e n t damage c o n t e n t t o be t h e most f a v o r a b l e one f o r an optimum 
p i c k i n g r a t e . The r e a s o n f o r a n i n c r e a s e i n t h e p i c k o u t s when t h e damage 
c o n t e n t i s i n c r e a s e d i s t h e f a c t t h a t t h e o p e r a t o r s p e n d s l e s s t i m e s e a r c h ­
i n g f o r a d e f e c t i v e o b j e c t when a g r e a t e r number of t h e s e d e f e c t i v e o b ­
j e c t s a r e p r e s e n t e d t o h im. I t would be u n r e a l i s t i c i n an i n v e s t i g a t i o n 
of optimum p i c k i n g c o n d i t i o n s t o s t u d y damage c o n t e n t s h i g h e r t h a n t h e 
a v e r a g e l e v e l s h a r v e s t e d i n fo rmer y e a r s . 
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Summary.— I n t h e d i s c u s s i o n of t h e f a c t o r s i n f l u e n c i n g hand q u a l i t y 
p i c k i n g , a r e v i e w was g i v e n of p r e v i o u s i n v e s t i g a t i o n s of t h i s and 
c l o s e l y r e l a t e d p r o b l e m s . An a t t e m p t was made t o p o i n t o u t t h e r e ­
s u l t s and l i m i t a t i o n s of t h e s e s t u d i e s which form t h e b a s i s and i n d i ­
c a t e t h e d i r e c t i o n f o r t h i s s t u d y . 
CHAPTER I I I 
OBJECTIVE 
T h i s s t u d y i s i n t e n d e d t o f u l f i l l two m a j o r n e e d s f o r t h e r e f i n e ­
ment o f t h e hand q u a l i t y p i c k i n g o p e r a t i o n . F i r s t , i t s e e k s t o d e t e r ­
mine i f a p t i t u d e t e s t s c a n r e v e a l an o p e r a t o r ' s s u c c e s s i n hand q u a l i t y 
p i c k i n g . Second , i t s e e k s t o e s t a b l i s h a c e r t a i n d e n s i t y - b e l t s p e e d 
c o m b i n a t i o n which r e s u l t s i n optimum p i c k i n g r a t e s and h i g h q u a l i t y o f 
t h e p i c k o u t s f o r g i v e n damage c o n t e n t s and a c o n s t a n t r a t e o f f l o w . 
I n more s p e c i f i c t e r m s , t h e f o l l o w i n g a r e t h e o b j e c t i v e s of t h i s 
t h e s i s : 
1 . To s e l e c t t e s t s w h i c h d i s c r i m i n a t e be tween t h e a p t i ­
t u d e c h a r a c t e r i s t i c s of s u c c e s s f u l and u n s u c c e s s f u l 
hand q u a l i t y p i c k e r s . 
2 . To d e t e r m i n e an i n d e x o f c o r r e l a t i o n be tween t h e 
s c o r e s on t h e t e s t s employed and t h e o p e r a t o r s ' p i c k ­
i n g r a t e s . 
3 . To d e v e l o p d e n s i t y - b e l t s p e e d c o m b i n a t i o n s which 
r e s u l t i n optimum p i c k o u t r a t e s and h i g h q u a l i t y of 
p i c k o u t s f o r 
a . A c o n s t a n t r a t e of f l ow o f o b j e c t s , 
b . Damage c o n t e n t s , 
c . O p e r a t o r s g rouped i n t o c l a s s e s a c c o r d i n g 
t o t h e i r s c o r e s of s e l e c t e d a p t i t u d e t e s t s . 
F o r a s s u r a n c e t h a t t h e a n s w e r s t o t h e above s t a t e d o b j e c t i v e s a r e 
n o t t h e r e s u l t s c a u s e d b y c h a n c e v a r i a t i o n i n t h e p i c k o u t s of t h e i n d i ­
v i d u a l o p e r a t o r s , t h e f o l l o w i n g h y p o t h e s e s a r e t o be t e s t e d a t a s i g n i f ­
i c a n c e l e v e l of . 0 5 p e r c e n t : 
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1 . Tha t t h e a v e r a g e p i c k i n g r a t e s of t h e o p e r a t o r s 
g rouped i n t o c l a s s e s a c c o r d i n g t o t h e i r s c o r e s on 
a p t i t u d e t e s t s a r e n o t s i g n i f i c a n t l y d i f f e r e n t . 
2 . That t h e r e i s no s i g n i f i c a n t d i f f e r e n c e i n t h e 
p i c k i n g r a t e s due t o an e f f e c t o f t h e t e s t e d d e n ­
s i t y - b e l t s p e e d c o m b i n a t i o n s . 
3 . That p i c k i n g from l o t s w i t h d i f f e r e n t damage c o n ­
t e n t s d o e s n o t r e s u l t i n s i g n i f i c a n t l y d i f f e r e n t 
p i c k i n g r a t e s . 
A f a c t o r i a l mixed model e x p e r i m e n t i s t o be employed t o t e s t 
t h e above s t a t e d h y p o t h e s e s 
CHAPTER IV 
EXPERIMENTAL DESIGN 
I n t h i s c h a p t e r a b r i e f d e s c r i p t i o n i s g i v e n of t h e e x p e r i m e n t a l 
s u b j e c t s t e s t e d i n t h e e x p e r i m e n t , of t h e t e s t s employed i n t h e i r s e l e c ­
t i o n f o r t h e s t u d y , and o f t h e a p p a r a t u s and o b j e c t s u s e d f o r t h e c o n ­
t r o l of t h e v a r i a b l e s u n d e r i n v e s t i g a t i o n . 
S u b j e c t s . — Nine male e x p e r i m e n t a l s u b j e c t s were s e l e c t e d from a t o t a l 
of Lt7 J u n i o r s t u d e n t s o f t h e G e o r g i a I n s t i t u t e of T e c h n o l o g y . None o f 
t h e s u b j e c t s was s k i l l e d i n hand q u a l i t y p i c k i n g of s m a l l o b j e c t s . T h e i r 
a g e s v a r i e d from 19 t o 2k y e a r s . 
The b a s i s of s e l e c t i o n was a manual d e x t e r i t y t e s t , t h e Pu rdue 
P e g b o a r d , w h i c h was g i v e n t o a l l 1*7 s t u d e n t s . The h i s t o g r a m of t h e a v e r ­
age s c o r e on t h e f o u r i n d i v i d u a l p e g b o a r d t e s t s i s g i v e n i n F i g u r e 1 3 , 
Append ix I . More d e t a i l s of t h e t e s t w i l l be d i s c u s s e d l a t e r . The s t u ­
d e n t s were g r o u p e d a c c o r d i n g t o t h e i r t e s t s c o r e s i n t o f o u r q u a r t i l e s ; 
n o s c o r e was o b t a i n e d i n t h e l o w e s t q u a r t i l e . From e a c h q u a r t i l e t h r e e 
s t u d e n t s we re c h o s e n i n a random manner g i v i n g a t o t a l of n i n e s u b j e c t s 
g r o u p e d i n t o t h r e e c l a s s e s . 
T e s t s . — T i f f i n made t h e f o l l o w i n g r emark w i t h r e g a r d t o t e s t i n g : " I t 
i s a g e n e r a l p r i n c i p l e of t e s t i n g t h a t u s u a l l y n o s i n g l e t e s t i s s u f f i ­
c i e n t f o r t h e p r e d i c t i o n of j o b s u c c e s s . J u s t a s mos t j o b s c a l l f o r a 
c o m b i n a t i o n o f a p t i t u d e s , s o an a d e q u a t e p l a c e m e n t c a l l s f o r a c o m b i n a t i o n 
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of p s y c h o l o g i c a l t e s t s . " (26) The p r e v i o u s l y d i s c u s s e d a p t i t u d e c h a r ­
a c t e r i s t i c s l e d t o t h e s e l e c t i o n of a b a t t e r y of t e s t s , t h e y a r e : 
1 . The Purdue P e g b o a r d , R i g h t Hand T e s t , L e f t Hand T e s t , 
Both Hands T e s t , and R i g h t p l u s L e f t p l u s Both Hands 
T e s t f o r manua l d e x t e r i t y . 
2 . The Pu rdue P e g b o a r d , Assembly T e s t f o r f i n g e r d e x t e r ­
i t y ( 2 7 ) . 
3 . The Moore Eye-Hand C o o r d i n a t i o n and C o l o r - M a t c h i n g 
T e s t f o r a i m i n g ( 2 8 ) . 
U. The Bausch and Lomb V i s u a l C l a s s i f i c a t i o n and P l a c e ­
ment T e s t f o r v i s u a l s k i l l s ( 2 9 ) . 
I n each of t h e d e x t e r i t y t e s t s t h e s u b j e c t s w e r e t e s t e d and r e -
t e s t e d u s i n g a o n e - t r i a l r u n i n b o t h t e s t s . The f i r s t t e s t was c o n ­
d u c t e d b e f o r e t h e e x p e r i m e n t a t i o n and IS days l a t e r t h e r e - t e s t was 
g i v e n . The a v e r a g e s c o r e on f i r s t and s econd of t h e i n d i v i d u a l d e x t e r ­
i t y t e s t s was u s e d f o r c o r r e l a t i o n p u r p o s e s . T a b l e S9 Append ix I , g i v e s 
t h e s c o r e s on t h e s e t e s t s . 
A p a s s i n g s c o r e on t h e Bausch and Lomb v i s i o n t e s t was a p r e d e t e r ­
mined r e q u i r e m e n t f o r a c c e p t a n c e of t h e s e l e c t e d s t u d e n t s a s e x p e r i m e n t a l 
s u b j e c t s . F i g u r e l k , Append ix I , shows a c o m b i n a t i o n o f t h e v i s u a l p r o ­
f i l e s , a s recommended by t h e Bausch and Lomb Company, f o r i n s p e c t i o n and 
mach ine work (30 ) which was r e g a r d e d t o be r e p r e s e n t a t i v e of t h e v i s u a l 
s k i l l s n e c e s s a r y f o r t h e p i c k i n g o p e r a t i o n . More i n f o r m a t i o n i s g i v e n 
i n A p p e n d i x I a b o u t t h e t e s t . 
A p p a r a t u s . — For t h e e x p e r i m e n t a l c o n t r o l of t h e v a r i a b l e s i n h i s i n v e s ­
t i g a t i o n , Ca lhoun (31 ) d e s i g n e d and c o n s t r u c t e d a s p e c i a l p i c k i n g t a b l e 
wh ich was r e g a r d e d a s a d e q u a t e and t h e r e f o r e was u s e d f o r t h i s s t u d y . 
The p i c k i n g t a b l e c o n s i s t s of f o u r component p a r t s : t h e f r a m e , t h e b e l t 
c a r r i e r , h o p p e r and f e e d c o n t r o l , and d r i v e . 
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Frame: The f r a m e , c o n s t r u c t e d of g a l v a n i z e d i r o n p i p e , s u p p o r t s 
t h e p i c k i n g t a b l e and g i v e s a w o r k - s u r f a c e h e i g h t of a p p r o x i m a t e l y t h r e e 
i n c h e s be low t h e a v e r a g e h e i g h t of e lbows when t h e s u b j e c t s a r e i n s t a n d ­
i n g p o s i t i o n . 
B e l t C a r r i e r : The b e l t c a r r i e r fo rms t h e p i c k i n g t a b l e and c o n ­
s i s t s of 2 " x 8 n d r e s s e d lumber a s a p r o n s and main s u p p o r t , w i t h a 12 
i n c h wide 2 - p l y p l a s t i c c o a t e d , g r e e n e n d l e s s b e l t f o r c o n v e y i n g t h e o b ­
j e c t s . A l / 2 " p lywood s h e e t i n g n a i l e d t o s p a c e r s be tween t h e a p r o n s 
g i v e s a s t e a d y b a s e f o r w o r k i n g s u r f a c e b e l o w t h e b e l t . A g roove i n t h e 
a p r o n e n a b l e s t h e e a s y r e m o v a l of a 22 i n c h l o n g g a l v a n i z e d i r o n r e c e p ­
t a c l e i n o r d e r t o c o u n t t h e number of p i c k o u t s which we re t o s s e d i n t o i t 
by t h e s u b j e c t ( F i g u r e l ) . 
Hopper and Feed C o n t r o l : A h o p p e r , w i t h a f e e d c o n t r o l a s an 
i n t e g r a l p a r t , i s c o n s t r u c t e d of g a l v a n i z e d s h e e t i r o n and i s s u p p o r t e d 
by a w e l d e d a n g l e i r o n f r a m e . The frame i s d e s i g n e d f o r a d j u s t i n g t h e 
h o p p e r l a t e r a l l y a n d h o r i z o n t a l l y ( F i g u r e 2 ) . A 12 i n c h b r u s h i n f r o n t 
of t h e hoppe r o p e n i n g g i v e s an even f l o w , w h i l e a v e r t i c a l l y a d j u s t a b l e 
aluminum g a t e r e g u l a t e s , i n c o m b i n a t i o n w i t h t h e b e l t s p e e d , t h e r a t e 
of f l ow of t h e o b j e c t s o n t o t h e b e l t . The g a t e i s c a l i b r a t e d a g a i n s t a 
m a r k e r wh ich i s f a s t e n e d t o t h e h o p p e r i n o r d e r t h a t each d e n s i t y l e v e l 
c a n b e q u i c k l y e s t a b l i s h e d . For t h e c a l i b r a t i o n of t h e g a t e s e e Appen­
d i x I I . 
D r i v e : A v a r i a b l e s p e e d , f l u i d c o u p l e d d r i v e of 3/k HP c a p a c i t y 
a l l o w s an e a s y and r a p i d c o n t r o l of t h e b e l t s p e e d . A 1/2 HP e l e c t r i c 
motor f u r n i s h e s power f o r t h e d r i v e t h r o u g h a "V" b e l t ( F i g u r e 3 ) . 
F i g u r e 1 . The E x p e r i m e n t a l A p p a r a t u s • 
F i g u r e 2 . The Hopper and Feed C o n t r o l of t h e E x p e r i m e n t a l 
A p p a r a t u s 

O b j e c t s . — G r e a t N o r t h e r n b e a n s were s e l e c t e d f o r t h e s m a l l o b j e c t s t o 
be p i c k e d i n t h e e x p e r i m e n t s . Because o f t h e i r form, h a r d n e s s and r e ­
s i s t a n c e t o wea r and d e c a y , t h e y were c o n s i d e r e d t o b e s u i t a b l e f o r 
r e p r e s e n t i n g s m a l l o b j e c t s i n t h e e x p e r i m e n t s . The b e a n s r e p r e s e n t i n g 
damaged k e r n e l s were dyed r e d . They were mixed w i t h t h e undyed beans 
t o form l o t s of t h e s e l e c t e d damage c o n t e n t s on a w e i g h t b a s i s . 
CHAPTER V 
EXPERIMENTAL PROCEDURE 
An o u t l i n e i s g i v e n of t h e f a c t o r s and t h e i r l e v e l s s t u d i e d i n 
t h i s i n v e s t i g a t i o n , f o l l o w e d by a d e s c r i p t i o n of b o t h t h e g e n e r a l c o n ­
d i t i o n s e x i s t i n g d u r i n g t h e e x p e r i m e n t a t i o n , and t h e c o n d u c t o f t h e ex 
p e r i m e n t s . A t i m e t a b l e of t h e c o n d u c t of t h e e x p e r i m e n t s i s a l s o i n -
V a r i a b l e F a c t o r s . — The f o l l o w i n g f a c t o r s were s t u d i e d a t t h e i n d i c a t e d 
1 . C l a s s . — T h r e e . 
Each c l a s s i s r e p r e s e n t e d by a number of s u b j e c t s 
whose s c o r e s on t h e Purdue Pegboa rd t e s t s f a l l 
w i t h i n t h e f o l l o w i n g q u a r t i l e s : 
2 . O p e r a t o r . — T h r e e . 
T h i s f a c t o r i s t h e number of s u b j e c t s w i t h i n e a c h 
c l a s s , 
3 . D e n s i t y - B e l t S p e e d . — F o u r . 
The p r o d u c t of d e n s i t y - b e l t s p e e d i s a m e a s u r e 
of t h e r a t e of f l ow of t h e o b j e c t s upon t h e b e l t 
wh ich was h e l d c o n s t a n t t h r o u g h o u t t h e e x p e r i m e n t s . 
Four c o m b i n a t i o n s of d e n s i t y - b e l t s p e e d were 
s t u d i e d which a r e l i s t e d on t h e f o l l o w i n g p a g e . 
For t h e d e r i v a t i o n of t h e r a t e of f l o w , a b e l t w i d t h 
of one f o o t and an e x p e r i m e n t a l l y d e r i v e d w e i g h t o f 
t h e o b j e c t s of 350 gram p e r s q . f t . (See Append ix 
I I ) r e p r e s e n t i n g 100 p e r c e n t d e n s i t y , were u s e d . 
e l u d e d . 
l e v e l s : 
C l a s s 1 . -
C l a s s 2 . -
C l a s s 3 « -
7 5 t o 100 p e r c e n t , 
50 t o 75 p e r c e n t , 
25 t o 50 p e r c e n t . 
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D e n s i t y -
B e l t Speed 
Combina t ion 
D e n s i t y 
( p e r 
c e n t ) 
B e l t Speed 
( f e e t p e r 
m i n . ) 
Ra t e of 
Flow ( l b s . 











7 . 7 5 
7 . 7 5 
7 . 7 5 
7 . 7 5 
U. Damage C o n t e n t . — Two. 
Th i s f a c t o r i s t h e p e r c e n t a g e of d e f e c t i v e o b j e c t s 
i n t h e m a t e r i a l p r e s e n t e d t o t h e o p e r a t o r f o r p i c k ­
i n g . 
Damage C o n t e n t 1 . — 2 p e r c e n t , 
Damage C o n t e n t 2 . — h p e r c e n t . 
5 . R e p l i c a t i o n s . — Two. 
The c o m p l e t e e x p e r i m e n t was p e r f o r m e d two t i m e s . 
C o n s t a n t F a c t o r s . — Two f a c t o r s we re s t a n d a r d i z e d t h r o u g h o u t t h e e x ­
p e r i m e n t : The p o s i t i o n of t h e o p e r a t o r on t h e b e l t and t h e method of 
p i c k i n g t h e d e f e c t i v e o b j e c t s . 
O p e r a t o r P o s i t i o n : The d i f f e r e n c e i n t h e e f f e c t of s i d e and end 
p o s i t i o n upon t h e p i c k i n g r a t e h a s been found t o be v e r y s m a l l . There 
i s s t i l l no v a l i d answer a s t o wh ich p o s i t i o n a c t u a l l y r e s u l t s i n a 
h i g h e r p i c k i n g r a t e . I t may be assumed t h a t one p i c k i n g t a b l e f o r s e v ­
e r a l o p e r a t o r s r e s u l t s i n l o w e r i n i t i a l c o s t s t h a n i n d i v i d u a l p i c k i n g 
t a b l e s f o r e a c h of t h e o p e r a t o r s . An assumed s m a l l s u p e r i o r i t y of t h e 
end p o s i t i o n migh t t h e r e f o r e be more t h a n o f f s e t by h i g h e r o p e r a t i n g 
c o s t s i n r e g a r d i n g t h e t o t a l c o s t s of q u a l i t y p i c k i n g . The s i d e p o s i ­
t i o n i s i n common u s e i n i n d u s t r y , f o r t h i s r e a s o n i t was f e l t t h a t 
t h e s t a n d a r d i z a t i o n of t h i s f a c t o r i s j u s t i f i e d . 
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P i c k i n g Method: The " p i c k and t h r o w " method p r o v e d t o h a v e a 
s i g n i f i c a n t e f f e c t upon t h e p i c k i n g r a t e a t a l l i n v e s t i g a t e d l e v e l s of 
p r e v i o u s s t u d i e s . Th i s f a c t j u s t i f i e s t h e s t a n d a r d i z a t i o n of t h i s p a r ­
t i c u l a r p i c k i n g me thod . The e x p e r i m e n t a l s u b j e c t s were i n s t r u c t e d t o 
p e r f o r m t h e f o l l o w i n g m o t i o n s : 
L e f t Hand R i g h t Hand 
S e a r c h w i t h e y e s t o f i n d d e f e c t i v e 
Move hand t o d e f e c t i v e Move hand t o d e f e c t i v e 
Grasp d e f e c t i v e w i t h thumb G r a s p d e f e c t i v e w i t h thumb 
and f o r e - f i n g e r s and f o r e - f i n g e r s 
Hold d e f e c t i v e i n f i n g e r s Hold d e f e c t i v e i n f i n g e r s 
S e a r c h w i t h e y e s t o f i n d d e f e c t i v e 
Move hand t o d e f e c t i v e Move h a n d t o d e f e c t i v e 
G r a s p d e f e c t i v e w i t h thumb Grasp d e f e c t i v e w i t h thumb 
and f o r e - f i n g e r s and f o r e - f i n g e r s 
Throw d e f e c t i v e s i n t o c o n - Throw d e f e c t i v e s i n t o c o n ­
t a i n e r w i t h s i m p l e w r i s t t a i n e r w i t h s i m p l e w r i s t 
movement movement 
( r e p e a t ) ( r e p e a t ) 
G e n e r a l C o n d i t i o n s . - - The e x p e r i m e n t s were c o n d u c t e d i n t h e L a b o r a t o r y 
of t h e S c h o o l of I n d u s t r i a l E n g i n e e r i n g , G e o r g i a I n s t i t u t e of T e c h n o l o g y . 
The l a b o r a t o r y was w e l l v e n t i l a t e d a n d a d e q u a t e l y l i g h t e d . T e m p e r a t u r e 
and h u m i d i t y we re a t c o m f o r t a b l e l e v e l s t h r o u g h o u t t h e e x p e r i m e n t s . A 
s p e c i a l f rame w i t h mounted l i g h t i n g f i x t u r e s , wh ich p r o v i d e d 65 f o o t c a n ­
d l e s of l i g h t a t t h e w o r k i n g s u r f a c e , was s u s p e n d e d above t h e p i c k i n g t a b l e . 
Conduct of t h e E x p e r i m e n t . — The l i m i t e d a v a i l a b i l i t y of t h e s u b j e c t s d i d 
n o t p e r m i t t h e d e s i g n of t h e e x p e r i m e n t s i n a r i g o r o u s random manner . 
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The f o l l o w i n g w e r e t h e compromises t o c o m p l e t e r a n d o m i z a t i o n : 
1 . The o r d e r of t h e s u b j e c t s was d i r e c t e d by t h e i r a v a i l ­
a b i l i t y . 
2 . A l l t e s t s , p e r f o r m e d i n a c o n t i n u o u s s e q u e n c e , were 
g i v e n i n one day w i t h t h e e x c e p t i o n o f s e c o n d r u n s 
on two s u b j e c t s . 
3 . Both l e v e l s of t h e damage c o n t e n t were t e s t e d a f t e r 
s e t t i n g e a c h o f t h e d e n s i t y - b e l t s p e e d c o m b i n a t i o n s 
i n o r d e r t o k e e p a v a r i a t i o n i n t h e p i c k o u t s , due t o 
t h e a d j u s t m e n t of a d e n s i t y - b e l t s p e e d l e v e l , a t a 
minimum. 
I n a d d i t i o n t o t h e random s e l e c t i o n of t h e s u b j e c t s from a g r o u p 
of s t u d e n t s h a v i n g s c o r e s on t h e d e x t e r i t y t e s t s f a l l i n g w i t h i n one q u a r -
t i l e , t h e s equence of t e s t i n g was a s s i g n e d t o t h e f o l l o w i n g f a c t o r s from 
a t a b l e of random n u m b e r s : 
1 . D e n s i t y - b e l t s p e e d c o m b i n a t i o n s o f a l l f i r s t r u n s . 
2 . D e n s i t y - b e l t s p e e d c o m b i n a t i o n s of a l l s e c o n d r u n s , 
3 . Damage c o n t e n t s w i t h i n e a c h d e n s i t y - b e l t s p e e d com­
b i n a t i o n . 
The s u b j e c t s p a r t i c i p a t e d i n t h e e x p e r i m e n t s on a n o n - f i n a n c i a l , 
v o l u n t a r y b a s i s wh ich amply p r o v e d t h e i r i n t e r e s t i n t h e s t u d y . They 
e x h i b i t e d a h e l p f u l a t t i t u d e i n p e r f o r m i n g t h e t e s t s and f o l l o w e d a l l 
i n s t r u c t i o n s g i v e n t o t h e m . A t w e n t y - m i n u t e t r i a l p e r i o d , i n o r d e r t o 
become f a m i l i a r w i t h t h e p i c k i n g o p e r a t i o n , had t o be s u f f i c i e n t b e c a u s e 
of t h e l i m i t e d a v a i l a b l e t i m e of t h e s u b j e c t s . The s u b j e c t s were i n ­
s t r u c t e d t o work c o n s i s t e n t l y a t a b r i s k p a c e t h r o u g h o u t t h e e x p e r i m e n t s , 
a s p e e d d e f i n e d a s t h e maximum w o r k i n g p a c e j u s t below t h e l e v e l where 
fumbl ing b e g i n s . The s p e e d can be compared t o t h e p a c e h e l d t h r o u g h o u t 
t h e d e x t e r i t y t e s t s . 
The c o n d u c t of an e x p e r i m e n t a l r un may be d e s c r i b e d a s f o l l o w s : 
The d e n s i t y - b e l t s p e e d c o m b i n a t i o n and t h e damage c o n ­
t e n t were r e a d from t h e e x p e r i m e n t a l p l a n w h i c h was p r e ­
p a r e d p r i o r t o t h e c o n d u c t of t h e t e s t s . The d e s i r e d 
b e l t s p e e d was a d j u s t e d and c h e c k e d by means of a t a chom­
e t e r . The d e n s i t y t o be t e s t e d was l o c a t e d a t t h e s p e ­
c i f i c c a l i b r a t i o n mark and t h e n t h e g a t e was f i x e d a t 
t h a t p o s i t i o n . The l o t o f b e a n s w i t h t h e d e s i r e d damage 
c o n t e n t was p l a c e d i n t o t h e h o p p e r and t h e moto r was 
s t a r t e d . At a s i g n a l " g o " t h e o p e r a t o r began p i c k i n g and 
a d e c i m a l m i n u t e s t o p wa t ch was s e t i n t o a c t i o n . A f t e r 
f o u r m i n u t e s e l a p s e d , a s i g n a l " s t o p " was g i v e n t o end 
t h e p i c k i n g . The r e c e p t a c l e w i t h t h e p i c k o u t s was r e ­
moved from t h e a p r o n of t h e t a b l e and t h e number of d e ­
f e c t i v e s and number of good o b j e c t s i n t h e p i c k o u t s were 
c o u n t e d and r e c o r d e d . The machine was s t o p p e d a f t e r t h e 
h o p p e r was empty and t h e p i c k o u t s were t h o r o u g h l y mixed 
w i t h t h e i r o r i g i n a l l o t . 
The s u b j e c t was s t a n d i n g d u r i n g t h e f o u r - m i n u t e r u n of an e x ­
p e r i m e n t . He was s i t t i n g and r e s t i n g d u r i n g t h e c o u n t i n g and r e c o r d i n g 
of t h e p i c k o u t s and d u r i n g t h e a d j u s t m e n t of t h e v a r i a b l e s p e e d d r i v e 
a n d g a t e o p e n i n g f o r a new s p e e d and d e n s i t y , r e s p e c t i v e l y . T h i s s e t ­
up t i m e b e t w e e n t h e r u n s l a s t e d f o r a b o u t f i v e t o e i g h t m i n u t e s . 
Time T a b l e . — P r e v i o u s l y i t was p o i n t e d o u t t h a t t h e a v a i l a b i l i t y o f 
t h e s u b j e c t s was a l i m i t a t i o n i n t h e c o m p l e t e r a n d o m i z a t i o n of t h e e x ­
p e r i m e n t s . F o r t h e same r e a s o n t h e t i m e of e x p e r i m e n t a t i o n v a r i e d 
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be tween t h e s u b j e c t s . G e n e r a l l y i t can be s a i d t h a t t h e s u b j e c t s we re 
g i v e n a l l 16 f o u r - m i n u t e r u n s w i t h i n a p p r o x i m a t e l y f o u r h o u r s of t i m e 
be tween 1 :00 PM and 7 : 0 0 PM. A c o f f e e b r e a k of f i f t e e n m i n u t e s s e p a ­
r a t e d t h e f i r s t and second r u n s of t h e t e s t s . The t i ine s c h e d u l e o f e x ­
p e r i m e n t a t i o n was a s f o l l o w s : 
Week of 
C l a s s O p e r a t o r E x p e r i m e n t a t i o n Time of E x p e r i m e n t a t i o n 
Summary.— A d e s c r i p t i o n h a s been g i v e n of t h e v a r i a b l e s t e s t e d a t d e ­
f i n e d l e v e l s and v a r i a b l e s s t a n d a r d i z e d i n t h e e x p e r i m e n t a t i o n . The 
g e n e r a l c o n d i t i o n s d u r i n g t h e t e s t s and t h e c o n d u c t of e x p e r i m e n t a t i o n 
i n c l u d i n g a t i m e s c h e d u l e have been o u t l i n e d f o r c o m p l e t e i n f o r m a t i o n 















Wednesday a f t e r n o o n 
Wednesday a n d Thur sday a f t , 
Thursday a f t e r n o o n 
F r i d a y a f t e r n o o n 
S a t u r d a y a f t e r n o o n 
Tuesday a f t e r n o o n 
Tuesday and Wednesday a f t . 
Wednesday a f t e r n o o n 
F r i d a y a f t e r n o o n 
CHAPTER VI 
ANALYSIS OF RESULTS 
The a n a l y s i s of t h e e x p e r i m e n t a l r e s u l t s i s b r o k e n down i n t o 
f o u r major p a r t s . F i r s t , a n e c e s s a r y c o r r e c t i o n f o r an o b s e r v e d s i g ­
n i f i c a n t l e a r n i n g e f f e c t d u r i n g e x p e r i m e n t a t i o n i s d i s c u s s e d . Second , 
a c o r r e l a t i o n i s made b e t w e e n t h e s c o r e s on t h e b a t t e r y of t e s t s a n d 
t h e p i c k i n g r a t e o f t h e i n d i v i d u a l o p e r a t o r s . T h i r d and f o u r t h , t h e 
e x p e r i m e n t a l r e s u l t s a r e t e s t e d f o r t h e h y p o t h e s e s o u t l i n e d i n C h a p t e r 
I I I and a r e t h e n s t a t i s t i c a l l y and g r a p h i c a l l y a n a l y z e d i n o r d e r t o d e ­
t e r m i n e d e n s i t y - b e l t s p e e d c o m b i n a t i o n s wh ich w i l l r e s u l t i n optimum 
p i c k i n g r a t e s and h i g h q u a l i t y of t h e p i c k o u t s . 
I n t h e a n a l y s i s t h e two d e p e n d e n t v a r i a b l e s were t r e a t e d a s t h e 
number of p i c k e d d e f e c t i v e o b j e c t s p e r m i n u t e and t h e p e r c e n t of good 
o b j e c t s i n t h e t o t a l p i c k o u t s . Because of t h e r e l a t i v e l y s m a l l v a l u e 
of t h e p r o d u c t s b e i n g p i c k e d and t h e h i g h l a b o r c o s t s , t h e p i c k i n g r a t e 
was b a s e d on t h e d e f e c t i v e o b j e c t s p e r m i n u t e r a t h e r t h a n t o t a l o b j e c t s 
p e r m i n u t e . 
C o r r e c t i o n f o r L e a r n i n g E f f e c t 
I t was p o i n t e d o u t e a r l i e r t h a t , f i r s t , t h e s u b j e c t s were u n ­
s k i l l e d i n t h e p i c k i n g o p e r a t i o n and s e c o n d , t h e i r t i m e a v a i l a b l e f o r 
e x p e r i m e n t a t i o n was l i m i t e d . Due t o a l e a r n i n g p e r i o d of o n l y t w e n t y 
m i n u t e s f o r e a c h o p e r a t o r p r i o r t o t h e e x p e r i m e n t s , a s i g n i f i c a n t l e a r n ­
i n g e f f e c t was r e f l e c t e d i n t h e o b s e r v e d e x p e r i m e n t a l d a t a . The 
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i n v e s t i g a t i o n was n o t d e s i g n e d t o s t u d y t h e r a t e of l e a r n i n g of i n d i ­
v i d u a l s u b j e c t s i n p i c k i n g s m a l l o b j e c t s b u t r a t h e r t o t r e a t i n t h e 
a n a l y s i s of t h e e x p e r i m e n t a l d a t a t h e v a r i a t i o n be tween f i r s t and s e c ­
ond r e p l i c a t i o n s a s a random v a r i a b l e . I t was n e c e s s a r y t h e r e f o r e t o 
c o r r e c t t h e o b s e r v e d d a t a f o r t h e a c q u i s i t i o n of s k i l l d u r i n g t h e e x ­
p e r i m e n t a t i o n . 
An a n a l y s i s of t h e l e a r n i n g c u r v e of an i n d i v i d u a l s u b j e c t from 
t h e r e s u l t s o f o n l y two r e p l i c a t i o n s i s n o t p o s s i b l e , t h e r e f o r e i t was 
d e c i d e d t o d e t e r m i n e t h e a v e r a g e l e a r n i n g c u r v e of a l l s u b j e c t s t e s t e d . 
The r a n d o m i z a t i o n o f t h e e x p e r i m e n t a l c o n d i t i o n s f o r e a c h s u b j e c t , i . e . 
t h e d e n s i t y - b e l t s p e e d c o m b i n a t i o n and t h e damage c o n t e n t of b o t h 
r e p l i c a t i o n s , l e d t o t h e a s s u m p t i o n t h a t by p o o l i n g t h e d a t a , p o s s i b l e 
e f f e c t s o f i n d i v i d u a l l e a r n i n g r a t e s i n any t e s t e d e x p e r i m e n t a l c o n d i ­
t i o n w i l l be c a n c e l l e d o u t . I n F i g u r e h t h e a v e r a g e number of p i c k e d 
d e f e c t i v e o b j e c t s p e r m i n u t e and i n F i g u r e £ t h e a v e r a g e p e r c e n t of 
good o b j e c t s i n t h e t o t a l p i c k o u t s , b o t h c a l c u l a t e d from t h e t e s t r e ­
s u l t s of a l l n i n e o p e r a t o r s , a r e p l o t t e d a c c o r d i n g t o t h e s e q u e n c e of 
t h e e x p e r i m e n t a l r u n s . P o l y n o m i a l s , r e p r e s e n t i n g t h e a v e r a g e l e a r n i n g 
c u r v e s of t h e e x p e r i m e n t a l s u b j e c t s f o r hand q u a l i t y p i c k i n g , were 
f i t t e d b y t h e method of l e a s t s q u a r e s . For e q u a t i o n s and c a l c u l a t i o n s 
s e e Append ix I I . These t h e o r e t i c a l c u r v e s we re u s e d t o a d j u s t t h e 
o r i g i n a l d a t a f o r t h e l e a r n i n g e f f e c t by u s i n g a h o r i z o n t a l l i n e i n ­
t e r s e c t i n g t h e t h e o r e t i c a l c u r v e s be tween t h e e i g h t h and n i n t h r u n . 
C o r r e c t i o n s w e r e a p p l i e d t o t h e o r i g i n a l d a t a ( T a b l e s 6 and 7 , A p p e n ­
d i x I ) e q u a l t o t h e d e v i a t i o n of t h e t h e o r e t i c a l c u r v e s f rom t h e h o r i ­
z o n t a l l i n e s . The c o r r e c t e d d a t a we re u s e d f o r f u r t h e r a n a l y s i s a s 
r e c o r d e d i n T a b l e s 8 and 9 , Appendix I . 
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F i g u r e b . Obse rved L e a r n i n g Curve i n P i c k i n g D e f e c t i v e Objec 
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F i g u r e 5 . Obse rved L e a r n i n g Curve i n P i c k i n g Good O b j e c t s 
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C o r r e l a t i o n Between B a t t e r y T e s t S c o r e and P i c k i n g Ra t e 
The s e c o n d o b j e c t i v e of t h e s t u d y i s t o d e t e r m i n e w h e t h e r o r n o t 
an assumed r e l a t i o n s h i p e x i s t s be tween t h e o p e r a t o r s 1 p i c k i n g r a t e s and 
t h e s c o r e s on t h e b a t t e r y of t e s t s wh ich were s e l e c t e d a s d e s c r i b e d i n 
C h a p t e r I V . 
The p u r p o s e of q u a l i t y p i c k i n g i s t o o b t a i n a h i g h r a t e of p i c k e d 
d e f e c t i v e o b j e c t s wh ich i n c l u d e a minimum number of good o b j e c t s . I n 
F i g u r e 6 a g r a p h i c a l p r e s e n t a t i o n i s g i v e n of t h e a v e r a g e c o r r e c t e d num­
b e r o f p i c k e d d e f e c t i v e o b j e c t s p e r m i n u t e (16 r u n s ) v e r s u s t h e a v e r a g e 
s c o r e on t h e Purdue P e g b o a r d T e s t s and t h e Moore Eye-Hand C o o r d i n a t i o n 
and C o l o r - M a t c h i n g T e s t . The s c o r e s on t h e d e x t e r i t y t e s t s a r e r e c o r d e d 
i n T a b l e St Append ix I . As i t was p o i n t e d o u t i n C h a p t e r IV, t h e b a t ­
t e r y t e s t s c o r e s a r e d e p e n d e n t upon t h e s u b j e c t s ' p a s s i n g t h e Bausch 
and Lomb v i s i o n t e s t . A p o l y n o m i a l was f i t t e d by t h e method of l e a s t 
s q u a r e s a n d , i n o r d e r t o e x p r e s s how w e l l t h e c u r v e f i t s t h e p l o t t e d 
d a t a , an i n d e x o f t h e c u r v e - l i n e a r c o r r e l a t i o n was c a l c u l a t e d f o r e a c h 
c u r v e . An i n d e x of 1 .0 r e p r e s e n t s p e r f e c t c o r r e l a t i o n and an i n d e x of 
z e r o i n d i c a t e s n o r e l a t i o n s h i p be tween t h e two v a r i a b l e s s t u d i e d . I n 
F i g u r e 6 t h e i n d e x of c o r r e l a t i o n i s . 8 7 7 , a v a l u e w h i c h , when t e s t e d 
a g a i n s t a t a b l e of l i n e a r c o r r e l a t i o n c o e f f i c i e n t s , i s s i g n i f i c a n t a t 
t h e . 0 0 1 p r o b a b i l i t y l e v e l . E x p r e s s e d i n o t h e r w o r d s , t h e r e i s l e s s 
t h a n one c h a n c e o u t of a t h o u s a n d t h a t such a h i g h i n d e x o f c o r r e l a t i o n 
can be o b t a i n e d when a c t u a l l y n o c o r r e l a t i o n e x i s t s . E q u a t i o n s f o r 
comput ing t h e c u r v e l i n e a r c o r r e l a t i o n a r e g i v e n i n Append ix I I , 
Curves w e r e f i t t e d and i n d i c e s o f c o r r e l a t i o n were c a l c u l a t e d b e ­
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F i g u r e 6 . Average P i c k i n g R a t e of D e f e c t i v e O b j e c t s p e r O p e r a t o r 
v e r s u s Average S c o r e on Purdue P e g b o a r d T e s t s ( R i g h t 
p l u s L e f t p l u s Both Hands T e s t and Assembly T e s t ) a n d 
Moore Eye-Hand C o o r d i n a t i o n and C o l o r - M a t c h i n g T e s t s 
a v e r a g e number of p i c k e d d e f e c t i v e o b j e c t s p e r m i n u t e . The c u r v e s a r e 
p r e s e n t e d i n Append ix I I . A summary of t h e r e s u l t s i s g i v e n i n T a b l e 1 . 
An i n d e x of c o r r e l a t i o n s i g n i f i c a n t a t t h e . 0 2 p r o b a b i l i t y l e v e l i s d e ­
n o t e d b y one a s t e r i s k , a t t h e . 0 1 and t h e . 0 0 1 p r o b a b i l i t y l e v e l s by two 
and t h r e e a s t e r i s k s , r e s p e c t i v e l y . An a v e r a g e s c o r e of a l l t h e s e l e c t e d 
t e s t s , t h e P u r d u e Pegboard T e s t ( R i g h t p l u s L e f t p l u s Both Hands T e s t 
and Assembly T e s t ) a n d t h e Moore Eye-Hand C o o r d i n a t i o n a n d C o l o r - M a t c h ­
i n g T e s t , gave t h e b e s t r e s u l t s , however i t was o n l y s l i g h t l y b e t t e r 
t h a n t h e s c o r e o f t h e Purdue P e g b o a r d , Assembly T e s t a l o n e . I t s h o u l d 
be r e c a l l e d , howeve r , t h a t t h e s e l e c t i o n o f t h e o p e r a t o r s t o p a r t i c i ­
p a t e i n t h e d e x t e r i t y t e s t s was d e p e n d e n t upon t h e i r p a s s i n g t h e Bausch 
and Lomb v i s i o n t e s t a c c o r d i n g t o t h e v i s u a l s k i l l p r o f i l e shown i n Ap­
p e n d i x I . 
S t a t i s t i c a l A n a l y s i s of P i c k i n g R a t e 
The s t a t i s t i c a l a n a l y s i s i s b r o k e n down a c c o r d i n g t o t h e two 
d e p e n d e n t v a r i a b l e s wh ich were m e a s u r e d , t h e c o r r e c t e d number of p i c k e d 
d e f e c t i v e o b j e c t s p e r m i n u t e a n d t h e c o r r e c t e d p e r c e n t of good o b j e c t s 
i n t h e t o t a l p i c k o u t s . Each v a r i a b l e i s d i s c u s s e d s e p a r a t e l y . 
C o r r e c t e d Number of P i c k e d D e f e c t i v e O b j e c t s p e r Minute 
The c o r r e c t e d number of p i c k e d d e f e c t i v e o b j e c t s p e r m i n u t e p r i ­
m a r i l y d e t e r m i n e s t h e economy of hand q u a l i t y p i c k i n g of s m a l l o b j e c t s . 
To d e t e r m i n e t h e optimum c o n d i t i o n s t h e n u l l h y p o t h e s i s was t e s t e d f o r 
t h e t h r e e h y p o t h e s e s o u t l i n e d i n C h a p t e r I I I , The a n a l y s i s of v a r i a n c e 
was t h e s t a t i s t i c a l t o o l employed i n t e s t i n g t h e d a t a ( 3 2 ) . 
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Tab le 1 . I n d i c e s o f C o r r e l a t i o n Between T e s t B a t t e r i e s 
and P i c k i n g R a t e s of D e f e c t i v e O b j e c t s 
I n d e x of 
B a t t e r y of T e s t s C o r r e l a t i o n 
Purdue Pegboa rd T e s t 
Ave rage s c o r e on R i g h t Hand T e s t , L e f t Hand 
T e s t a n d Both Hands T e s t 
Bausch and Lomb V i s u a l C l a s s i f i c a t i o n and P l a c e m e n t T e s t . 8 1 5 * * 
Purdue P e g b o a r d T e s t 
R i g h t p l u s L e f t p l u s Both Hands T e s t 
Bausch and Lomb V i s u a l C l a s s i f i c a t i o n and P l a c e m e n t T e s t . 8 1 0 * * 
Purdue P e g b o a r d T e s t 
Assembly T e s t 
Bausch and Lomb V i s u a l C l a s s i f i c a t i o n and P l a c e m e n t T e s t , 8 5 6 
Purdue P e g b o a r d T e s t 
A v e r a g e s c o r e on R i g h t p l u s L e f t p l u s 
Both Hands T e s t a n d Assembly T e s t 
Bausch and Lomb V i s u a l C l a s s i f i c a t i o n and P l a c e m e n t T e s t .$hk * * 
Moore Eye-Hand C o o r d i n a t i o n and C o l o r - M a t c h i n g T e s t 
Bausch and Lomb V i s u a l C l a s s i f i c a t i o n a n d P l a c e m e n t T e s t .751. * 
Purdue P e g b o a r d T e s t 
R i g h t p l u s L e f t p l u s Both Hands T e s t 
and Assembly T e s t 
Moore Eye-Hand C o o r d i n a t i o n and C o l o r - M a t c h i n g T e s t 
Bausch a n d Lomb V i s u a l C l a s s i f i c a t i o n and P l a c e m e n t T e s t .877 ### 
* s i g n i f i c a n t a t t h e . 0 2 p r o b a b i l i t y l e v e l 
s i g n i f i c a n t a t t h e . 0 1 p r o b a b i l i t y l e v e l 
s i g n i f i c a n t a t t h e , 0 0 1 p r o b a b i l i t y l e v e l 
N o t e : S i g n i f i c a n c e l e v e l s a r e from t a b l e of l i n e a r c o r r e l a t i o n 
c o e f f i c i e n t s . 
An i m p o r t a n t a s s u m p t i o n f o r t h e t e s t of s i g n i f i c a n c e i n t h e 
a n a l y s i s of v a r i a n c e i s t h a t t h e e r r o r i n t h e o b s e r v a t i o n s a r e from 
p o p u l a t i o n s whose v a r i a n c e s a r e homogenous . A check on t h e s t a b i l i t y 
of t h e s u b j e c t s was made by s t u d y i n g t h e r a n g e s of t h e c o r r e c t e d e x ­
p e r i m e n t a l d a t a from t h e two r e p l i c a t i o n s made by e a c h s u b j e c t on each 
s e t of e x p e r i m e n t a l c o n d i t i o n s ( i n d e p e n d e n t v a r i a b l e s ) . S t a t i s t i c a l 
c o n t r o l c h a r t t e c h n i q u e s (33) were employed t o t h e s e r a n g e s which showed 
e x c e l l e n t c o n t r o l a t a b o u t t h e same v a r i a b i l i t y f o r e a c h s u b j e c t . T h i s 
t e c h n i q u e o f f e r s s u f f i c i e n t a s s u r a n c e of t h e h o m o g e n e i t y of t h e e x p e r i ­
m e n t a l e r r o r v a r i a n c e , t h e r e b y s a t i s f y i n g t h i s a s s u m p t i o n u n d e r l y i n g 
t h e a n a l y s i s of v a r i a n c e . 
The i n d e p e n d e n t v a r i a b l e s i n t h e e x p e r i m e n t were c l a s s i f i e d i n t o 
Model I and Model I I v a r i a b l e s a c c o r d i n g t o t h e i r e f f e c t upon t h e p i c k ­
i n g r a t e (3U)- Model I v a r i a b l e s , t h e c l a s s e s of g r o u p e d o p e r a t o r s , t h e 
d e n s i t y - b e l t s p e e d c o m b i n a t i o n s a n d t h e damage c o n t e n t s of t h e l o t s , 
have a c o n s t a n t e f f e c t . Model I I v a r i a b l e s , t h e r andomly s e l e c t e d o p e r ­
a t o r s w i t h i n a c l a s s and t h e r e p l i c a t i o n s of t h e e x p e r i m e n t s u n d e r l i k e 
c o n d i t i o n s ( c o r r e c t e d f o r l e a r n i n g e f f e c t ) , have a random v a r i a b l e e f f e c t . 
Model I I v a r i a b l e s a l l o w a g e n e r a l i z a t i o n of t h e i r e f f e c t s upon t h e p i c k ­
i n g r a t e w h i l e t h e c o n c l u s i o n s r e g a r d i n g Model I v a r i a b l e s a p p l y o n l y t o 
t h e f i x e d l e v e l s s t u d i e d i n t h e e x p e r i m e n t . The model e q u a t i o n f o r t h e 
f a c t o r i a l e x p e r i m e n t , a n a l y s i s o f v a r i a n c e t a b l e s , s ample c a l c u l a t i o n s 
and r e s u l t s of t h e a n a l y s i s of v a r i a n c e a r e g i v e n i n Append ix I I . I n 
Tab le 2 o n l y t h o s e f a c t o r s a r e p r e s e n t e d w h i c h have a s i g n i f i c a n t e f f e c t 
upon t h e p i c k i n g r a t e and a r e d e n o t e d by t h r e e p r o b a b i l i t y l e v e l s . One 
a s t e r i s k i n d i c a t e s t h a t t h e f a c t o r i s s i g n i f i c a n t a t t h e . 0 5 p r o b a b i l i t y 
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Table 2 . S i g n i f i c a n t F a c t o r s I n f l u e n c i n g 
t h e P i c k i n g of D e f e c t i v e O b j e c t s 
F a c t o r Deg ree o f Freedom Mean S q u a r e 
C l a s s 2 265 ,187 
O p e r a t o r 6 1 7 , 6 7 1 # 
D e n s i t y - B e l t Speed 3 1 3 1 , 7 3 0 *** 
Damage C o n t e n t 1 1 6 3 , 2 1 6 **» 
O p e r a t o r x D e n s i t y - B e l t Speed 18 2 , 5 2 1 
Damage C o n t e n t x D e n s i t y - B e l t 
Speed 
3 U, iU5 
R e s i d u a l 72 1 ,593 
* s i g n i f i c a n t a t t h e , 0 5 p r o b a b i l i t y l e v e l 
s i g n i f i c a n t a t t h e . 0 1 p r o b a b i l i t y l e v e l 
**# s i g n i f i c a n t a t t h e . 0 0 1 p r o b a b i l i t y l e v e l 
l e v e l . Two a n d t h r e e a s t e r i s k s d e n o t e a s i g n i f i c a n c e l e v e l of . 0 1 and 
. 0 0 1 , r e s p e c t i v e l y . The r e s u l t s of t h e a n a l y s i s of v a r i a n c e , a s i n d i ­
c a t e d i n t h i s t a b l e , r e j e c t t h e t h r e e h y p o t h e s e s s t a t e d i n t h e o b j e c ­
t i v e s of t h e e x p e r i m e n t s . 
T a b l e 3 e x p r e s s e s t h e s i g n i f i c a n t main e f f e c t s a n d i n t e r a c t i o n s 
a s a p e r c e n t of t h e g r a n d a v e r a g e of a l l o p e r a t o r s of t h e c o r r e c t e d num­
b e r of p i c k e d d e f e c t i v e o b j e c t s p e r m i n u t e . The g r a n d a v e r a g e was 9 0 . 1 
p i c k o u t s . The d i s c u s s i o n be low i s i n t e r m s o f t h e s e p e r c e n t a g e s . Both 
t h e main e f f e c t s and t h e i n t e r a c t i o n s f o l l o w i n t h e o r d e r of d e c r e a s i n g 
i m p o r t a n c e . 
D e n s i t y - B e l t S p e e d . — T h i s v a r i a b l e had t h e g r e a t e s t e f f e c t on t h e 
hand q u a l i t y p i c k i n g o p e r a t i o n . The s e c o n d l e v e l , w i t h a d e n s i t y of 25 
p e r c e n t and a b e l t s p e e d of U0 f e e t p e r m i n u t e , was a l w a y s found t o be 
t h e most f a v o r a b l e l e v e l of a l l f o u r c o m b i n a t i o n s t e s t e d i n t h e e x p e r i ­
ment a t t h e i n v e s t i g a t e d c o n s t a n t r a t e of f l o w . T h i s l e v e l r e s u l t e d i n 
a l i t . 5 p e r c e n t h i g h e r p i c k i n g r a t e t h a n t h e f i r s t c o m b i n a t i o n and i n a 
5-U p e r c e n t a n d a 7 . 5 p e r c e n t h i g h e r r a t e t h a n t h e t h i r d and f o u r t h 
c o m b i n a t i o n s , r e s p e c t i v e l y . Due t o t h e confounded e f f e c t of d e n s i t y , 
however , i t i s n o t p o s s i b l e t o s a y from t h e s e e x p e r i m e n t s w h e t h e r a 
change i n t h e b e l t s p e e d o r a change of t h e d e n s i t y had t h e g r e a t e r e f ­
f e c t upon t h e p i c k i n g r a t e . 
Based upon t h e f i n d i n g s c i t e d above by Moder t h a t b e l t s p e e d s 
be tween 10 and 60 f e e t p e r m i n u t e d i d n o t a p p r e c i a b l y a f f e c t t h e p i c k ­
i n g r a t e , and C a l h o u n ' s r e s u l t s t h a t more p i c k o u t s were o b t a i n e d a t 
h i s l o w e s t i n v e s t i g a t e d d e n s i t y of 33 p e r c e n t , i t can be assumed t h a t 
Tab le 3 . S i g n i f i c a n t Main E f f e c t s and I n t e r a c t i o n s E x p r e s s e d a s a P e r Cen t 
of t h e Grand Average of a l l O p e r a t o r s of t h e C o r r e c t e d Number of 
P i c k e d D e f e c t i v e O b j e c t s p e r Minu te 
C l a s s O p e r a t o r O p e r a t o r C l a s s 
D e n s i t y - B e l t Speed 
Combina t ion 
1 2 3 h 
Damage C o n t e n t 
1 2 
1 1 3 . 3 
1 0 8 . 0 
1 0 7 . 2 
1 0 9 . 6 
1 0 8 . 3 
1 0 1 . 1 
1 0 3 . U 
1 1 8 . 6 
1 1 5 . 1 
1 1 6 . 0 
1 1 7 . 9 
1 1 1 . 5 
1 0 9 . 5 
1 0 8 , 5 
10U.3 





9 7 . 6 
8 9 . 0 
9U.8 
8 9 . 0 
9 1 . 6 
8 1 . 9 
1 0 9 . 0 
1 0 7 , 5 
95 . i i 
99 .7 
1 0 1 . 2 
9 2 . 5 
9 5 . 9 
8 8 . 1 




9 3 . 5 
9 7 . 5 
9 5 . 5 
9 5 . 6 
8U.8 
96.U 
8 7 . 0 
1 0 1 . h 
1 0 6 . 6 
1 0 3 . 8 
9 5 . 9 
9 7 , 7 
9 9 . 0 
9 1 . 9 
8 9 . 3 
9 3 - h : : 
Average 1 0 0 . 0 9 3 . 7 1 0 8 . 2 1 0 2 . 8 9 5 . 3 9 6 . 3 1 0 3 . 7 
Damage 1 - - 9 1 . 5 10U.8 9 8 . 3 90 . l i - -
2 9 6 . 0 1 1 1 . 5 1 0 7 . 2 1 0 0 . 2 
Grand Average of a l l o p e r a t o r s = 9 0 . 1 p i c k e d d e f e c t i v e o b j e c t s p e r m i n u t e 
- i n d i c a t e s f a c t o r i s n o t s i g n i f i c a n t 
38 
t h e d e n s i t y of" t h e o b j e c t s on t h e b e l t i s t h e mos t c r i t i c a l f a c t o r i n ­
f l u e n c i n g t h e p i c k i n g r a t e . A h i g h number of t h e p i c k o u t s f o r a low-
d e n s i t y l e v e l m i g h t be e x p l a i n e d a s f o l l o w s : Wide s p a c i n g of t h e o b ­
j e c t s on t h e b e l t r e l a t i v e t o e a c h o t h e r i s more f a v o r a b l e t o a h i g h 
p i c k i n g r a t e t h a n c l o s e s p a c i n g . The r e a s o n f o r t h i s i s t h a t t h e o p e r ­
a t o r can g r a s p an o b j e c t b e t t e r when t h e r e i s no i n t e r f e r e n c e from o t h e r 
o b j e c t s . P r e s u m a b l y , a t a c o n s t a n t b e l t s p e e d t h e r e i s a c e r t a i n d e n ­
s i t y be low wh ich no a p p r e c i a b l e i n c r e a s e of t h e p i c k i n g r a t e can be o b ­
t a i n e d . T h i s d e n s i t y i s assumed t o g i v e j u s t enough s p a c e t o t h e f i n ­
g e r s i n o r d e r t o a c c u r a t e l y g r a s p an o b j e c t . Because t h e s p a c i n g of t h e 
o b j e c t s i s a f u n c t i o n of b o t h d e n s i t y and b e l t s p e e d i t i s a ssumed t h a t 
f o r d i f f e r e n t r a t e of f l o w s of o b j e c t s on t h e b e l t t h e r e e x i s t s a c e r ­
t a i n r a n g e of optimum d e n s i t y - b e l t s p e e d c o m b i n a t i o n s . 
Damage C o n t e n t . — The h i g h damage c o n t e n t c o n s i s t e n t l y r e s u l t e d i n more 
p i c k o u t s t h a n t h e low damage c o n t e n t f o r a l l t e s t e d o p e r a t i n g c o n d i t i o n s . 
The d i f f e r e n c e b e t w e e n h i g h a n d low damage c o n t e n t w a s , on t h e a v e r a g e , 
7 . i i p e r c e n t . These r e s u l t s s u b s t a n t i a t e t h e f i n d i n g s of p r e v i o u s s t u d i e s 
wh ich found t h a t t h e o p e r a t o r s p e n d s l e s s t i m e s e a r c h i n g f o r a d e f e c t i v e 
o b j e c t when a g r e a t e r number o f s u c h o b j e c t s a r e p r e s e n t e d t o h i m . 
C l a s s . — The d i f f e r e n c e b e t w e e n t h e p e r c e n t p i c k e d d e f e c t i v e o b j e c t s o f 
c l a s s 1 and t h e a v e r a g e p e r c e n t of c l a s s 2 and 3 was lU.U p e r c e n t . The 
marked d i f f e r e n c e p r o v e s t h e a p p l i c a b i l i t y of t h e s e l e c t e d b a t t e r y of 
t e s t s i n d i s t i n g u i s h i n g good q u a l i t y p i c k e r s from a v e r a g e p i c k e r s . How­
e v e r , i t was n o t p o s s i b l e t o s u c c e s s f u l l y s e p a r a t e c l a s s 2 o p e r a t o r s from 
c l a s s 3 o p e r a t o r s . 
An e c o n o m i c a l c o n s i d e r a t i o n of t h e e f f e c t o r p e r cenii gooa o o -
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O p e r a t o r s . — S i g n i f i c a n c e of t h e o p e r a t o r s a t t h e . 0 5 p r o b a b i l i t y l e v e l 
shows t h a t d i f f e r e n c e s e x i s t e d be tween t h e o p e r a t o r s w i t h i n a c l a s s . 
The r a n g e of t h e s e d i f f e r e n c e s was 6 . 1 p e r c e n t f o r c l a s s 1 , Q . l i p e r 
c e n t f o r c l a s s 2 , and U.O p e r c e n t f o r c l a s s 3 , w i t h an a v e r a g e o f 6 . 5 
p e r c e n t . A maximum d i f f e r e n c e of 1 9 . 8 p e r c e n t be tween t h e b e s t s u b ­
j e c t and t h e l e a s t s u c c e s s f u l s u b j e c t p r o v e s a g a i n t h a t t h e t e s t b a t t e r y 
can d i s c r i m i n a t e a l m o s t e x a c t l y b e t w e e n good and a v e r a g e o p e r a t o r s . 
O p e r a t o r x D e n s i t y - B e l t S p e e d . — A l l t h e o p e r a t o r s h a d t h e i r b e s t 
p i c k i n g r a t e a t t h e s e c o n d d e n s i t y - b e l t s p e e d l e v e l , f o l l o w e d by t h e 
t h i r d l e v e l a s t h e n e x t b e s t c o m b i n a t i o n . F o r t h e f i r s t and f o u r t h 
l e v e l , however , t h e r e were s i g n i f i c a n t d i f f e r e n c e s i n t h e p i c k i n g r a t e s 
of t h e o p e r a t o r s . S i x o p e r a t o r s f a v o r e d t h e f o u r t h l e v e l and t h r e e o p ­
e r a t o r s t h e f i r s t l e v e l a s t h e i r t h i r d b e s t d e n s i t y - b e l t s p e e d combi ­
n a t i o n . 
Damage C o n t e n t x D e n s i t y - B e l t S p e e d . — T h i s i n t e r a c t i o n i n d i c a t e s t h a t 
d i f f e r e n t c o m b i n a t i o n s of damage c o n t e n t s and d e n s i t y - b e l t s p e e d l e v e l s 
had s i g n i f i c a n t l y d i f f e r e n t e f f e c t s upon t h e p i c k i n g r a t e . The a n a l y s i s 
of t h e d a t a r e v e a l e d t h a t t h e d i f f e r e n c e i n p e r c e n t i n c r e a s e of t h e 
p i c k o u t s be tween t h e low damage c o n t e n t and t h e h i g h damage c o n t e n t was 
i n an a s c e n d i n g o r d e r of t h e d e n s i t y - b e l t s p e e d c o m b i n a t i o n s . E x p r e s s e d 
i n o t h e r w o r d s , t h i s d i f f e r e n c e due t o damage c o n t e n t became g r e a t e r w i t h 
i n c r e a s i n g b e l t s p e e d a n d d e c r e a s i n g d e n s i t y l e v e l s . 
C o r r e c t e d P e r Cent of Good O b j e c t s i n P i c k o u t s 
An e c o n o m i c a l c o n s i d e r a t i o n of t h e e f f e c t of p e r c e n t good o b ­
j e c t s i n t h e t o t a l p i c k o u t s upon t h e c o s t s of t h e hand q u a l i t y p i c k i n g 
ho 
o p e r a t i o n i n t h e p e a n u t p r o c e s s i n g i n d u s t r y l e d t o t h e c o n c l u s i o n t h a t 
t h i s e f f e c t i s so s m a l l a s t o be n e g l i g i b l e . The l o s s of v a l u e of t h e 
p r o d u c t by p l a c i n g good o b j e c t s i n t h e p i c k o u t s amounted t o $ 0 . 1 0 p e r 
o p e r a t o r p e r 8 h o u r w o r k i n g d a y . Th i s f i g u r e , however , does n o t make 
a l l o w a n c e s f o r t h e t i m e l o s t i n t h i s o p e r a t i o n , however , t h i s i s n o t 
n e c e s s a r y s i n c e t h e good o b j e c t s were n o t c o n s i d e r e d i n t h e p i c k i n g 
r a t e a n a l y s i s (See Append ix I I I f o r t h e economy s t u d y ) . I t was r e g a r d e d 
t o be s a t i s f a c t o r y , t h e r e f o r e , t o p r e s e n t and d i s c u s s t h e e x p e r i m e n t a l 
d a t a i n t h e i r r e l a t i v e m a g n i t u d e a s a p e r c e n t v a l u e o f t h e g r a n d a v e r ­
age c o r r e c t e d p e r c e n t of good o b j e c t s i n t h e p i c k o u t s . These p e r c e n t 
v a l u e s a r e shown i n T a b l e 1;. I t s h o u l d be emphas i zed t h a t t h e v a l u e s 
a r e r e l a t i v e t e r m s b a s e d on t h e g r a n d a v e r a g e c o r r e c t e d p e r c e n t of good 
o b j e c t s i n t h e p i c k o u t s of a l l o p e r a t o r s o f o n l y U.O p e r c e n t . I t would 
be m i s l e a d i n g , t h e r e f o r e , t o r e g a r d t h e d a t a a s a c t u a l p e r c e n t of t h e 
t o t a l p i c k o u t s . 
I n t h e f o l l o w i n g t h e e x p e r i m e n t a l f a c t o r s a r e d i s c u s s e d i n d i v i d ­
u a l l y i n o r d e r o f t h e i r d e c r e a s i n g i m p o r t a n c e upon t h e p i c k i n g q u a l i t y : 
O p e r a t o r . — The l a r g e s t d i f f e r e n c e i n t h e p e r c e n t of good o b j e c t s i n 
t h e p i c k o u t s was found t o be p r e s e n t be tween t h e i n d i v i d u a l o p e r a t o r s . 
T h i s d i f f e r e n c e b a s e d upon t h e a v e r a g e p e r c e n t of good o b j e c t s i n t h e 
p i c k o u t s was a s g r e a t a s 1 6 5 . 7 p e r c e n t be tween t h e o p e r a t o r h a v i n g t h e 
l o w e s t p i c k i n g q u a l i t y and t h e one h a v i n g t h e h i g h e s t q u a l i t y . I n e a c h 
c l a s s t h e r e was one o p e r a t o r w i t h an e x t r e m e v a l u e f o r h i s p i c k i n g 
q u a l i t y : One o p e r a t o r i n c l a s s 1 and 2 showed a v e r y low q u a l i t y o f 
h i s p i c k o u t s a n d i n c l a s s 3 one o p e r a t o r p i c k e d an e x t r e m e l y good 
T a b l e h* E x p e r i m e n t a l F a c t o r s E x p r e s s e d a s a P e r Cent of t h e Grand Average 
C o r r e c t e d P e r Cent of Good O b j e c t s i n t h e P i c k o u t s 
C l a s s D e n s i t y - B e l t Speed Damage C o n t e n t 
C l a s s O p e r a t o r O p e r a t o r • •\ Combina t ion 
-L 1 2 3 h 1 2 
1 1 5 3 . 3 1 3 7 . 2 1 1 7 . 3 2 2 8 . 9 1 2 9 . 7 1 7 9 . 6 1 2 6 . 9 
1 9 3 . 7 1 1 0 . 8 6 3 . 6 6 6 , 1 1 3 9 . 1 1 0 6 . 0 1 0 9 . h 7 7 . 9 
8 5 . 5 1 0 3 . 5 6 9 . 2 1 0 1 . 7 67.U 1 0 0 . 0 6 8 . 9 
183.U 1 3 3 . 5 13U.1 2 0 3 . 3 2 6 3 . 2 1 9 5 . 2 1 7 1 , 8 
9 2 , 0 12U.3 7 1 . 7 8 7 . 3 8 8 . 6 120 .1 . 9 3 . 8 9 0 , 1 
3 9 7 . 6 1 0 0 . h 5 3 . 6 1 0 9 . 8 1 2 6 , 6 9 9 . 8 95.1i 
1 7 . 7 1 1 . 8 9.i i 2 0 . 6 2 9 . 3 18.U 1 7 . 1 
2 8 0 . 2 6U.9 10 i i .8 6 8 . 6 U6.8 1 0 0 . h 8 6 . 1 7 i i , 2 
3 9 6 . 6 9 1 . 1 5 5 . 5 1 2 6 . 6 1 1 2 . 9 9 9 . 7 9 3 . 6 
Average 1 0 0 . 0 9 0 , 9 73 .U 1 1 8 . h 1 1 7 . 3 1 0 9 . 3 9 0 . 7 
Damage 1 1 0 9 . 3 130.U 1 2 9 . 6 6 8 . 0 1 0 7 . 8 7 7 . 8 1 3 7 . 8 l l l i . 3 
C o n t e n t ; 9 0 . 7 9 1 . 2 1 1 9 . 2 6 1 . 6 7 U . 1 6 9 . 1 9 9 . 3 1 2 0 . 6 
D e n s i t y - 1 9 0 , 9 1 0 1 . ii 1 0 1 . 9 6 9 . 2 
B e l t 2 73 .U 8U.2 91 .7 U i . 5 
Speed l l 8 . i i 13U.0 6lw7 
Comb. h 1 1 7 . 3 1 0 1 , 0 1 7 0 . 1 8 0 . 8 
Grand Ave rage of a l l o p e r a t o r s - U.O p e r c e n t good o b j e c t s i n p i c k o u t s 
U2 
q u a l i t y . Th i s f a c t c a u t i o n s a g a i n s t d r awing v a l i d c o n c l u s i o n s a s t o 
which c l a s s of o p e r a t o r s had t h e h i g h e s t p i c k i n g q u a l i t y . 
D e n s i t y - B e l t S p e e d . — The o p e r a t o r s showed t h e i r h i g h e s t p i c k i n g q u a l ­
i t i e s a t d i f f e r e n t d e n s i t y - b e l t s p e e d c o m b i n a t i o n s . However, i t can 
be g e n e r a l i z e d t h a t t h e second d e n s i t y - b e l t s p e e d c o m b i n a t i o n r e s u l t e d 
i n a h i g h e r p i c k i n g q u a l i t y t h a n t h e f i r s t , t h e f o u r t h , and t h e t h i r d 
c o m b i n a t i o n s , l i s t e d i n d e s c e n d i n g o r d e r of t h e i r i n f l u e n c e upon t h e q u a l ­
i t y of t h e p i c k o u t s . The d i f f e r e n c e be tween t h e s e c o n d c o m b i n a t i o n , t h e 
most f a v o r a b l e , a n d t h e t h i r d c o m b i n a t i o n , t h e mos t u n f a v o r a b l e , was US 
p e r c e n t b a s e d upon t h e g r a n d a v e r a g e p e r c e n t of good o b j e c t s i n t h e 
t o t a l p i c k o u t s . 
Damage C o n t e n t . — G e n e r a l l y , t h e h i g h damage c o n t e n t r e s u l t e d i n an i m ­
p r o v e d p i c k i n g q u a l i t y . The g r a n d a v e r a g e d i f f e r e n c e b e t w e e n t h e low 
damage l e v e l and t h e h i g h damage l e v e l was 1 8 . 6 p e r c e n t . The t h r e e 
classes o f o p e r a t o r s r e a c t e d d i f f e r e n t l y t o a change i n t h e damage c o n ­
t e n t . Based upon t h e g r a n d a v e r a g e p e r c e n t of good o b j e c t s i n t h e p i c k ­
o u t s c l a s s 1 h a d a d i f f e r e n c e of 3 9 . 2 p e r c e n t be tween t h e low damage 
c o n t e n t and t h e h i g h damage c o n t e n t w h i l e c l a s s 2 a n d 3 had d i f f e r e n c e s 
of 10.U p e r c e n t and 6.U p e r c e n t , r e s p e c t i v e l y . 
G r a p h i c a l A n a l y s i s of P i c k i n g Ra t e 
The g r a p h i c a l p r e s e n t a t i o n of t h e r e s u l t s i s g i v e n f o r two r e a ­
s o n s . F i r s t , an i n t e r p r e t a t i o n of optimum o p e r a t i n g c o n d i t i o n s i s s i m ­
p l i f i e d by i n t e r p o l a t i n g t h e p i c k i n g c u r v e s . Second , a g r a p h i c a l p r e s ­
e n t a t i o n shows more o b v i o u s l y f l u c t u a t i o n s i n t h e o u t p u t c u r v e s . 
h3 
F i g u r e s 7 and 8 show g r a p h s f o r e a c h damage c o n t e n t p r e s e n t i n g 
t h e c o r r e c t e d number of p i c k e d d e f e c t i v e o b j e c t s p e r m i n u t e of t h e t h r e e 
c l a s s e s i n r e l a t i o n t o t h e d e n s i t y - b e l t s p e e d c o m b i n a t i o n s . I t i s 
v e r y n o t i c a b l e how w e l l t h e t e s t b a t t e r y d i f f e r e n t i a t e d b e t w e e n t h e o p ­
e r a t o r s o f c l a s s 1 a n d t h e o p e r a t o r s of c l a s s 2 and 3 combined . The 
s h a d e d column d e s i g n a t e s an optimum r a n g e of d e n s i t y - b e l t s p e e d com­
b i n a t i o n s o f a l l o p e r a t o r s f o r t h e i n v e s t i g a t e d r a t e of f l o w . The r a n g e 
was d e r i v e d from t h e i n d i v i d u a l p i c k i n g r a t e s of d e f e c t i v e o b j e c t s p e r 
o p e r a t o r a n d p e r damage c o n t e n t a s shown i n F i g u r e s 20 t h r o u g h 2 2 , Ap­
p e n d i x I I I . The r a n g e of optimum d e n s i t y and b e l t s p e e d c o m b i n a t i o n s 
was r e c o r d e d f o r e a c h c u r v e i n T a b l e 15* Th i s r a n g e d e s i g n a t e s a l l 
d e n s i t y - b e l t s p e e d c o m b i n a t i o n s of b o t h damage l e v e l s a t w h i c h t h e 
o p e r a t o r s ' p i c k i n g r a t e s v a r i e d w i t h i n one d e f e c t i v e o b j e c t from t h e i r 
maximum number of p i c k e d d e f e c t i v e o b j e c t s . I n t h i s t a b l e t h e o v e r ­
l a p p i n g d e n s i t i e s a n d b e l t s p e e d s i n d i c a t e t h a t t h e optimum r a n g e f o r 
a l l o p e r a t o r s f o r t h e i n v e s t i g a t e d r a t e of f l ow was b e t w e e n 2 0 . 8 and 
2 1 . 8 p e r c e n t d e n s i t y and be tween a b e l t s p e e d o f U6 and I48 f e e t p e r 
m i n u t e . 
The a t t e m p t was made t o e s t a b l i s h i n t h e same manner a r a n g e of 
d e n s i t y - b e l t s p e e d c o m b i n a t i o n s f o r b o t h damage l e v e l s a t wh ich t h e 
o p e r a t o r s ' p i c k o u t s v a r i e d w i t h i n one p e r c e n t from t h e i r minimum p e r 
c e n t of p i c k e d good o b j e c t s . However, b e c a u s e of t h e wide d i f f e r e n c e s 
be tween some i n d i v i d u a l o p e r a t o r s , i t was n o t p o s s i b l e t o f i n d o v e r ­
l a p p i n g r a n g e s w h i c h w o u l d i n d i c a t e t h a t an optimum r a n g e f o r a l l o p ­
e r a t o r s was p r e s e n t (See T a b l e 1 6 ) . F i g u r e s 23 t h r o u g h 25 i n t h e Ap­
p e n d i x I I I show t h e d i f f e r e n t f l u c t u a t i o n s of t h e c u r v e s r e p r e s e n t i n g 
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F i g u r e 7 . Average P i c k i n g Ra t e of D e f e c t i v e O b j e c t s v e r s u s 
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C l a s s e s a n d Low Damage C o n t e n t 
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F i g u r e 8 . Average P i c k i n g R a t e of D e f e c t i v e O b j e c t s v e r s u s 
D e n s i t y - B e l t Speed C o m b i n a t i o n s f o r O p e r a t o r 
C l a s s e s a n d High Damage C o n t e n t 
kS 
t h e o p e r a t o r s ' p i c k i n g q u a l i t y . Combined c u r v e s f o r t h e t h r e e c l a s s e s 
of o p e r a t o r s a r e g i v e n i n F i g u r e s 9 and 1 0 . These f i g u r e s i n d i c a t e t h a t 
a t t h e low damage c o n t e n t l e v e l , a d e f i n i t e minimum r a n g e , i . e . h i g h 
p i c k i n g q u a l i t y , can b e o b s e r v e d w h i c h o c c u r s b e t w e e n a d e n s i t y of a b o u t 
2 2 . 2 and 21 .k p e r c e n t a n d a b e l t s p e e d be tween 3k and k2 f e e t p e r min ­
u t e . For t h e h i g h damage l e v e l t h e r e s u l t s a r e a b o u t t h e same, however , 
n o t s o w e l l d e f i n e d . 
An o v e r a l l s u r v e y of t h e e x p e r i m e n t a l d a t a c a n b e g a i n e d by r e f ­
e r e n c e t o t h e p o o l e d c u r v e s i n F i g u r e s 1 1 a n d 1 2 . The c u r v e s f o r t h e 
g r a n d a v e r a g e c o r r e c t e d number o f p i c k e d d e f e c t i v e o b j e c t s p e r m i n u t e 
f o r i n d i c a t e d d e n s i t y - b e l t s p e e d c o m b i n a t i o n s a r e shown i n F i g u r e 1 1 
w h i l e t h e c u r v e s f o r g r a n d a v e r a g e p e r c e n t o f good o b j e c t s i n t h e p i c k ­
o u t s a r e p r e s e n t e d i n F i g u r e 1 2 . I t was m e n t i o n e d e a r l i e r t h a t t h e e f ­
f e c t of t h e p i c k i n g q u a l i t y upon t h e c o s t s of t h e p i c k i n g o p e r a t i o n i s 
p r a c t i c a l l y n e g l i g i b l e . The most f a v o r a b l e r a n g e of d e n s i t y - b e l t s p e e d 
c o m b i n a t i o n s f o r a h i g h q u a l i t y i n p i c k i n g was c l e a r l y be low t h a t f a v o r i n g 
a h i g h number o f p i c k e d d e f e c t i v e o b j e c t s p e r m i n u t e . I t can t h e r e f o r e 
b e c o n c l u d e d t h a t f o r t h e i n v e s t i g a t e d e x p e r i m e n t a l c o n d i t i o n s t h e l o w e r 
l e v e l o f t h e e s t a b l i s h e d f a v o r a b l e r a n g e f o r a h i g h r a t e of p i c k e d o b ­
j e c t s r e s u l t e d i n optimum h a n d q u a l i t y p i c k i n g c o n d i t i o n s f o r a l l o p e r ­
a t o r s a t b o t h damage c o n t e n t s . This optimum l e v e l was a t a d e n s i t y of 
2 1 . 8 p e r c e n t a n d a b e l t s p e e d of U6 f e e t p e r m i n u t e . 
Summary.— A d e t a i l e d a n a l y s i s of t h e e x p e r i m e n t a l d a t a was g i v e n i n t h i s 
c h a p t e r . The c o r r e c t i o n f o r a n o b s e r v e d s i g n i f i c a n t l e a r n i n g e f f e c t of 
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be tween b a t t e r y t e s t s c o r e s and p i c k i n g r a t e s was c a l c u l a t e d . By means 
of s t a t i s t i c a l and g r a p h i c a l a n a l y s e s of t h e e x p e r i m e n t a l d a t a optiimim 
p i c k i n g c o n d i t i o n s w e r e e s t a b l i s h e d a n d t h e e f f e c t w h i c h e a c h i n v e s t i ­
g a t e d i n d e p e n d e n t v a r i a b l e had upon t h e r a t e of p i c k i n g was d e t e r m i n e d . 
I n t h e f o l l o w i n g c h a p t e r t h e l i m i t a t i o n s and c o n c l u s i o n s of t h e s t u d y 
were summarized a n d recommenda t ions a r e g i v e n t o p r o b l e m s which were 
r a i s e d d u r i n g t h i s stucty and w h i c h r e q u i r e f u r t h e r i n v e s t i g a t i o n beyond 
t h e l i m i t s of t h i s s t u d y . 
CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS 
The c o n c l u s i o n s a n d r ecommenda t ions t o be d i s c u s s e d a r e b a s e d 
o n l y upon t h e e x p e r i m e n t a l r e s u l t s of t h i s s t u d y wh ich e n t a i l s t h e f o l ­
l o w i n g l i m i t a t i o n s : 
1 . The e x p e r i m e n t a l s u b j e c t s w e r e : 
a . Male c o l l e g e s t u d e n t s r a t h e r t h a n female f a c t o r y 
w o r k e r s f o r whom t h e s t u d y s h o u l d b e i n t e n d e d , 
b . U n s k i l l e d o p e r a t o r s w i t h a l i m i t e d t i m e a v a i l a b l e 
f o r t r a i n i n g i n hand q u a l i t y p i c k i n g which r e ­
s u l t e d i n a s i g n i f i c a n t l e a r n i n g e f f e c t , 
c . H i g h l y m o t i v a t e d b e c a u s e of t h e e x p e r i m e n t a l n a ­
t u r e of t h e s t u d y . 
2 . G r e a t N o r t h e r n b e a n s u s e d a s e x p e r i m e n t a l o b j e c t s i n 
t h i s s t u d y m i g h t n o t be r e p r e s e n t a t i v e o f a l l s m a l l 
o b j e c t s t h a t r e q u i r e hand q u a l i t y p i c k i n g i n i n d u s t r y , 
3 . The i n v e s t i g a t i o n o f e a c h e x p e r i m e n t a l c o n d i t i o n was 
l i m i t e d t o o n l y two r e p l i c a t i o n s . 
h. Only one r a t e of f low of o b j e c t s was t e s t e d . 
C o n c l u s i o n s . — I n v i e w of t h e a b o v e l i m i t a t i o n s and t h e r e s u l t s of t h e 
e x p e r i m e n t s t h e f o l l o w i n g c o n c l u s i o n s may be d rawn: 
1 . The f i r s t o b j e c t i v e of t h i s t h e s i s , t o s e l e c t t e s t s 
which d i s c r i m i n a t e b e t w e e n t h e a p t i t u d e c h a r a c t e r i s t i c s 
of s u c c e s s f u l and u n s u c c e s s f u l hand q u a l i t y p i c k e r s , 
h a s been a c c o m p l i s h e d . The t e s t b a t t e r y c o n s i s t e d o f 
two d e x t e r i t y t e s t s and one v i s u a l s k i l l t e s t ; t h e y 
w e r e : 
a . The Pu rdue Pegboa rd T e s t , R i g h t p l u s L e f t p l u s 
Both Hands T e s t and Assembly T e s t , 
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b . The Moore Eye-Hand C o o r d i n a t i o n a n d C o l o r -
Ma tch ing T e s t ( c o l o r - m a t c h i n g o n l y ) , 
c The Bausch and Lomb V i s u a l C l a s s i f i c a t i o n a n d 
P l acemen t T e s t . 
The b a t t e r y of t e s t s d i s c r i m i n a t e d be tween good o p ­
e r a t o r s ( c l a s s 1 , u p p e r q u a r t i l e ) and a v e r a g e o p e r ­
a t o r s ( c l a s s 2 and 3 , m i d d l e q u a r t i l e s ) whose a v e r a g e 
p i c k i n g r a t e s of d e f e c t i v e o b j e c t s d i f f e r e n t i a t e d by 
lU*U p e r c e n t b a s e d upon t h e g r a n d a v e r a g e p i c k i n g 
r a t e of a l l o p e r a t o r s . A d i s c r i m i n a t i o n be tween c l a s s 
2 and c l a s s 3 o p e r a t o r s a c c o r d i n g t o t h e i r p i c k i n g 
r a t e s was n o t p o s s i b l e . 
2 . The s e c o n d o b j e c t i v e was t o d e t e r m i n e an i n d e x of 
c o r r e l a t i o n be tween t h e s c o r e s on t h e b a t t e r y of 
t e s t s and t h e o p e r a t o r s ' p i c k i n g r a t e s of d e f e c t i v e 
o b j e c t s . T h i s i n d e x of c o r r e l a t i o n was found t o b e 
. 8 7 7 , an i n d e x wh ich i s s i g n i f i c a n t a t t h e . 0 0 1 p r o b ­
a b i l i t y l e v e l o f l i n e a r c o r r e l a t i o n c o e f f i c i e n t s , 
3 . The f i n a l o b j e c t i v e was t o d e v e l o p d e n s i t y - b e l t 
s p e e d c o m b i n a t i o n s which r e s u l t i n optimum p i c k i n g 
r a t e s and h i g h p i c k i n g q u a l i t y . The f o l l o w i n g c o n ­
c l u s i o n s were d rawn: 
a . A d e n s i t y o f 22 p e r c e n t and a b e l t s p e e d of 
U6 f e e t p e r m i n u t e r e s u l t e d i n optimum p i c k i n g 
r a t e s of d e f e c t i v e o b j e c t s and a h i g h p i c k i n g 
q u a l i t y f o r a l l o p e r a t o r s and b o t h damage c o n ­
t e n t s t e s t e d . An optimum p i c k i n g r a t e was d e ­
f i n e d t o encompass a l l r a t e s w i t h i n one d e f e c ­
t i v e o b j e c t p e r m i n u t e o f t h e o p e r a t o r s ' m a x i ­
mum number of p i c k e d d e f e c t i v e o b j e c t s p e r 
m i n u t e . 
b . A g r e a t e r d r o p i n t h e p i c k i n g r a t e of d e f e c ­
t i v e o b j e c t s a t b o t h l e v e l s o f damage c o n t e n t s 
was o b s e r v e d f o r b e l t s p e e d s be low t h e optimum 
v a l u e o r d e n s i t i e s above t h e optimum v a l u e . 
c . A g r e a t e r d r o p i n t h e p i c k i n g q u a l i t y a t b o t h 
l e v e l s of damage c o n t e n t s was o b s e r v e d f o r 
b e l t s p e e d s above t h e optimum v a l u e o r d e n s i ­
t i e s be low t h e optimum v a l u e . 
U. A n o t h e r i m p o r t a n t p o i n t n o t e d i n t h e r e s u l t s w a s : 
The h i g h damage c o n t e n t c o n s i s t e n t l y r e s u l t e d i n 
h i g h e r p i c k i n g r a t e s of d e f e c t i v e o b j e c t s and b e t ­
t e r p i c k i n g q u a l i t y t h a n t h e low damage c o n t e n t . 
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Recommenda t ions .— Wi th r e g a r d t o t h e p r e v i o u s l y m e n t i o n e d l i m i t a t i o n s 
and c o n c l u s i o n s t h e f o l l o w i n g recommenda t ions may be made l e a d i n g t o 
f u r t h e r r e f i n e m e n t of hand q u a l i t y p i c k i n g of s m a l l o b j e c t s : 
1 . The e f f e c t s of d e n s i t y and b e l t s p e e d upon t h e p i c k ­
i n g r a t e and p i c k i n g q u a l i t y s h o u l d be s t u d i e d f o r 
d i f f e r e n t r a t e s o f f l o w , p a r t i c u l a r l y h i g h e r r a t e s . 
2 . The d e v i s e d b a t t e r y of t e s t s s h o u l d be v a l i d a t e d by 
s e l e c t i n g e x p e r i e n c e d f e m a l e o p e r a t o r s f o r e x p e r i ­
m e n t a l s u b j e c t s a n d c o r r e l a t i n g t h e i r t e s t s c o r e s 
a n d t h e i r p i c k i n g r a t e s . 
3 . The l e a r n i n g e f f e c t s h o u l d be min imized i n t h e e x ­
p e r i m e n t a l d a t a by i n c l u d i n g a s u f f i c i e n t number of 
r e p l i c a t i o n s u n d e r l i k e o p e r a t i n g c o n d i t i o n s s o t h a t 
t h e s u b j e c t s ' l e a r n i n g c u r v e s a r e s t a b i l i z e d . 
Ii, E x p e r i m e n t a t i o n s h o u l d b e e x t e n d e d t o t h e u s e of 
o t h e r o b j e c t s b e s i d e s G r e a t N o r t h e r n b e a n s , 
5 . The e f f e c t of t h e w i d t h o f t h e conveyor b e l t upon 
t h e p i c k i n g r a t e and p i c k i n g q u a l i t y s h o u l d be 
s t u d i e d , p a r t i c u l a r l y f o r s m a l l e r b e l t w i d t h s t h a n 
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V i s u a l S k i l l T e s t 
The v i s u a l p r o f i l e f o r hand q u a l i t y p i c k i n g s m a l l o b j e c t s a s 
shown i n F i g u r e Ih i s marked by t h e b l a n k a r e a s i n t h e c h a r t . I t was 
d e r i v e d f rom t h e v i s u a l p r o f i l e s f o r i n s p e c t i o n and machine work which 
w e r e recommended by t h e Bausch and Lomb O p t i c a l Company. 
The b l a n k a r e a s d e f i n e t h e v i s i o n which a good hand q u a l i t y 
p i c k e r s h o u l d h a v e , w h i l e t h e h a t c h e d and c r o s s - h a t c h e d a r e a s show t h e 
s c o r e s wh ich a n o p e r a t o r , i n o r d e r t o be s e l e c t e d f o r q u a l i t y p i c k i n g , 
s h o u l d p o s s i b l y n o t have and c a n n o t h a v e , r e s p e c t i v e l y . 
A r e q u i r e m e n t f o r t h e s e l e c t i o n o f t h e s u b j e c t s f o r e x p e r i m e n t a ­
t i o n was a p a s s i n g s c o r e on t h i s v i s u a l s k i l l t e s t p e r f o r m e d w i t h t h e 
O r t h o - R a t e r * , i . e . t h e s u b j e c t s * s c o r e s had t o f a l l w i t h i n t h e b l a n k 
a r e a of t h e c h a r t . An example was g i v e n i n F i g u r e lU of t h e v i s u a l p e r ­
fo rmance p r o f i l e of o p e r a t o r 1 i n c l a s s 1 . 
O r t h o - R a t e r m a n u f a c t u r e d by t h e Bausch and Lomb O p t i c a l 
Company, R o c h e s t e r , N.Y. 
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F i g u r e l h . V i s u a l S k i l l P r o f i l e f o r Hand Q u a l i t y P i c k i n g 
Sma l l O b j e c t s 
Table 5 . S c o r e s on B a t t e r y of T e s t s 
P u r d u e P e g b o a r d „ M o o r ® . D , , T , 
Eye - Hand Bausch and Lomb 
C l a s s O p e r a t o r T e s t R i g h t L e f t Both R.+L.+ Coord , and V i s . C l a s s . 
Number Hand Hand Hands B. H, Assembly C o l o r - M a t c h , and P l a c e m e n t 
T e s t T e s t T e s t T e s t T e s t T e s t T e s t 
67 80 79 71* 100 85 
2 86 80 70 78 98 90 
1 U7 92 79 7h 90 
2 79 92 93 90 
1 67 80 98 87 100 80 
2 95 98 93 96 100 
. 67 62 55 55 59 ho 
2 30 62 79 1*5 78 80 
1 h2 68 50 86 uo 
62 68 70 89 80 
1 67 62 55 55 59 1 
2 U? 80 30 1*5 76 
1 30 30 h$ 70 
86* Uo* 7 8 * 6 0 * 7 5 * 7 0 * 
30 h2 55 U5 70 
67 h2 60 66 55 
2 h2 55 12 38 5 








* O p e r a t o r l i f t e d w e i g h t s a t t h e t ime of t h e f i r s t s e r i e s of a p t i t u d e t e s t s and d u r i n g e x p e r i m e n t a t i o n . 
At t h e t i m e when t h e s e c o n d t e s t s e r i e s was g i v e n t h e o p e r a t o r was t e m p o r a r y i n a c t i v e i n w e i g h t l i f t ­
i n g which was n o t e d i n c o n s i s t e n t l y h i g h e r d e n s i t y t e s t s c o r e s . The s c o r e s on t h e s e c o n d t e s t s e r i e s 
were o m i t t e d i n comput ing t h e a v e r a g e t e s t s c o r e s of t h i s o p e r a t o r b e c a u s e of t h e h i g h e r d e x t e r i t y 
wh ich was n o t p r e s e n t d u r i n g e x p e r i m e n t a t i o n . 
Legend t o T a b l e s 6 Through 9 
C l C l a s s 1 
C2 C l a s s 2 
C3 C l a s s 3 
0 1 . O p e r a t o r 1 
02 O p e r a t o r 2 
03 • • « • O p e r a t o r 3 
S I D e n s i t y - B e l t Speed Combina t ion 1 
S2 D e n s i t y - B e l t Speed Combina t ion 2 
S3 . . . . D e n s i t y - B e l t Speed Combina t ion 3 
Sii D e n s i t y - B e l t Speed Combina t ion ii 
Dl . Damage C o n t e n t 1 
D2 . Damage C o n t e n t 2 
Rl • R e p l i c a t i o n 1 
R2 R e p l i c a t i o n 2 
Table 6 . Observed Number o f P i c k e d D e f e c t i v e O b j e c t s P e r 
Minute Based on a Four Minute T e s t Hun 
Cl C2 C3 
0 1 02 0 3 0 1 02 0 3 0 1 02 03 
S I Dl D2 
9 2 . 2 5 
1 0 0 , 7 5 
8 8 . 2 5 
8 5 . 7 5 
8U.25 
9 0 . 2 5 
7 5 . 0 0 
8 2 . 5 0 
8 0 . 7 5 
8 5 . 5 0 
6 3 . 7 5 
7 5 . 7 5 
7 3 . 0 0 
7 9 . 7 5 
8 2 , 2 5 
8 9 . 5 0 
71*.75 
7 1 . 7 5 
R l 
S2 Dl D2 
1 0 0 . 5 0 
1 0 0 . 5 0 
9 7 . 0 0 
1 0 7 . 5 0 
9 2 . 0 0 
10U.50 
9 1 . 0 0 
1 0 0 . 7 5 
9 1 . 5 0 
9 6 . 5 0 
8 0 . 5 0 
8 3 . 7 5 
8 9 . 2 5 
8 7 . 2 5 
8 8 , 0 0 
1 0 1 . 7 5 
9 1 . 5 0 




1 0 3 . 0 0 
1 0 0 . 7 5 
88 .50 
9 8 . 0 0 
9 1 . 7 5 
9 5 . 5 0 
7 1 . 2 5 
9 i t . 25 
8 6 . 7 5 
9 3 . 7 5 
7 6 . 7 5 
8 3 . 5 0 
8 3 . 0 0 
9 0 . 7 5 
8 2 . 7 5 
8 1 . 7 5 





8 7 . 2 5 
9 i t .25 
8 9 . 7 5 
9 2 . 7 5 
7 1 . 5 0 
8 7 . 2 5 
7 7 . 5 0 
8 8 . 2 5 
7it.OO 
8 3 . 7 5 
7 2 . 0 0 
8 2 . 0 0 
7 3 . 7 5 
8 6 . 2 5 
7 8 . 7 5 
8 5 . 0 0 
7 5 . 0 0 
8 1 . 7 5 
S I D l D2 
1 0 1 . 7 5 
9 8 , 0 0 
9 9 . 0 0 
9 5 . 5 0 
9 5 . 0 0 
1 0 0 . 0 0 
7 6 . 2 5 
8 1 . 5 0 
7U.00 
8 2 . 0 0 
7 2 , 5 0 
7 i t . 25 
7 3 . 2 5 
7 6 . 5 0 
8 2 . 7 5 
8 8 . 7 5 
7 8 . 7 5 
8 5 . 0 0 
R2 
S2 Dl D2 
1 0 5 . 7 5 
1 1 2 . 5 0 
1 0 1 . 0 0 
1 0 3 . 0 0 
1 0 2 . 7 5 
1 1 6 . 5 0 
9 7 , 2 5 
1 0 5 . 0 0 
9 8 . 5 0 
1 0 6 . 2 5 
8 3 . 5 0 
8 6 . 7 5 
9 1 . 0 0 
9 2 . 0 0 
9 3 . 2 5 
9 8 . 2 5 
9 2 . 0 0 




1 0 8 . 7 5 
1 1 0 . 5 0 
1 0 3 . 0 0 
1 0 7 . 7 5 
9 9 . 0 0 
1 1 0 . 5 0 
8 6 . 0 0 
9 8 . 7 5 
8 1 . 5 0 
9 6 . 2 5 
7 9 . 0 0 
8 6 . 2 5 
8 5 . 0 0 
9 2 . 5 0 
8 i t .50 
9 8 . 5 0 
8 6 . 5 0 
9U.75 
Sit :.: 1 0 3 . 0 0 
10i t .25 
9 2 . 7 5 
1 0 0 . 0 0 
9 3 . 2 5 
1 0 3 . 5 0 
8 5 . 2 5 
1 0 0 . 2 5 
7U.25 
8 6 . 7 5 
7 0 . 7 5 
8 5 . 2 5 
7 7 . 7 5 
8 9 . 2 5 
7 7 . 0 0 
8 5 . 2 5 
8 i t ,25 
9 1 . 2 5 
Tab le 7 . Obse rved Number of P i c k e d Good O b j e c t s P e r Minute 
Based on a Fou r Minu te T e s t Run 
Cl C2 C3 
01 02 03 01 02 03 0 1 03 
S I Dl D2 
9 . 5 0 
6 . 2 5 
3 .75 
1 .75 
2 . 2 5 
1 . 7 5 
5 . 5 o 
U.25 
3 . 7 5 
3 . 5 0 
5 . 5 0 
3 . 5 0 
. 5 0 
1 .00 
U.75 
3 . 7 5 
i . 5 o 
2 . 5 0 
S2 Dl D2 
7 . 0 0 
6 . 7 5 
5 . 2 5 
U.25 
2 . 7 5 
1 .25 
5 . 5 0 
5 . 5 0 
3 . 2 5 
2 . 7 5 
1 .00 
1 .00 
. 2 5 
. 7 5 
3-50 
2 . 5 0 
2 . 5 c 





9 . 5 0 
7 . 7 5 
1 2 . 0 0 
6 . 7 5 
3 . 2 5 
3 . 5 0 
8 . 2 5 
6 . 7 5 
6 . 5 0 
U . o o 
U .25 
6 . 0 0 
. 7 5 
. 2 5 
2 . 7 5 
1 .00 
5 . 5 0 
3 . 7 5 
Dl 
D2 
7 . 2 5 
7 . 7 5 
6 . 5 0 
3 . ? 5 
2 , 0 0 
1 .25 
6 . 7 5 
1 2 . 5 0 
U.50 
8 . 0 0 
3 . 2 5 
U.oo 




3 . 7 5 
U.50 




2 . 0 0 
1 1 . 0 0 
2 . 0 0 
U.75 
3 . 7 5 
1 .25 
2 . 0 0 
2 . 7 5 
1 ,00 
. 2 5 
0 
3 . 0 
3 . 7 5 
U.25 
3 . 7 5 
R2 
S2 Dl D2 
6 . 0 0 
1 .75 
1 .25 
i . 5 o 
2 . 7 5 
5 . 2 5 
5 . 2 5 
5 . o o 
3 . 2 5 
3 . 2 5 
1 .00 
3 . 2 5 
. 5 0 
. 2 5 
2 . 7 5 
2 , 2 5 
1 .25 




1 5 . 5 0 
1 0 , 2 5 
2 . 5 0 
1-75 
6 . 5 0 
3 . 0 0 
7 . 0 0 
1 0 . 0 0 
2 . 2 5 
1 .25 
3 . 2 5 
2 . 5 0 
0 
. 5 0 
1 .00 
2 . 0 0 
5 .50 




3 . 5 o 
2 . 2 5 
2 . 5 0 
3 .50 
1 .75 
5 . 5 0 
1 2 . 5 0 
8 .0 
1 .25 
2 . 2 5 
3 . 2 5 
5 .oo 
0 
. 5 0 
2 , 0 0 
2 . 2 5 
3 . 2 5 
U.50 
vn 
Tab le 8 . C o r r e c t e d and Coded Number of P i c k e d D e f e c t i v e O b j e c t s p e r Minu te 
( C o r r e c t e d Number of P i c k e d D e f e c t i v e O b j e c t s p e r Minu te + 800) x 0 . 1 
Cl C2 C3 
0 1 03 01 02 03 0 1 02 03 



































































- u 2 
62 
- 5 5 
0 
- 2 0 
98 
- 1 0 
60 
- 1 5 
60 
S I Dl D2 
182 







- 7 5 - 9 0 
- 6 8 






















































- 8 2 
38 
- 6 2 
28 
- 3 8 
72 
- 6 0 
28 
22 
De-coded g r a n d a v e r a g e = 9 0 . 1 p i c k e d d e f e c t i v e o b j e c t s p e r m i n u t e 
Tab le 9 . C o r r e c t e d P e r Cen t of Good O b j e c t s i n T o t a l P i c k o u t s 
Cl C2 C3 
0 1 02 03 0 1 02 03 0 1 02 03 
S I Dl D2 
9 . 1 
5.U 




6 . 1 
U.U 
3 . 6 
2 . 9 
6 . 9 




3 . 5 
1 .0 
2 . 6 
S2 Dl D2 
5 .7 
5 . 3 
u . u 
3 . 3 
2.U 
. 5 
5 . 5 
U.8 
3 . 3 
2 . 8 
1 . 1 
1 .0 
- . 5 * 
- . 1 * 
3.U 
2 . 2 
2 . 5 





7 . 0 
1 1 . 0 
5 . 6 
3 . 3 
3 . 5 
9.U 
5 . 9 
6 . 5 
3.U 
U.7 
6 . 0 
2.U 
. 2 
5 . 9 




7 . 0 






1 2 . 3 
5 . 5 
8 . 3 
3 . 9 
5 . 2 










2 . 6 
1.5 
2 .7 
1 0 . 6 
2 . 1 
6 . 0 
U.9 
2 . 1 
2 . 9 
U . i 
1 . 5 
3 . 9 
U.6 
5 . 9 




5 . 8 
2 . 0 
l . U 
1.5 
3 .2 
5 . 0 
6 . 0 
5 .2 
U.o 
3 . 9 
2 . 1 
u . u 
1.2 
. 9 
3 . 1 
2 . 3 
1 .5 










3 . 1 
7 . 9 
9.U 
2 . 8 
1 .5 
U . i 
2 . 8 
. 9 
1 .3 
2 . 0 
2 . 9 






2 . 7 
3 .0 
3 .9 
2 . 7 
5 . 8 
1 3 . 7 
8 .2 
2 . 3 
3 .2 
5 . 1 
6 . 1 
. u 




5 . 1 
* A c t u a l p e r c e n t of good o b j e c t s i n p i c k o u t s became n e g a t i v e a f t e r c o r r e c t i n g t h e 
v a l u e b y t h e a v e r a g e l e a r n i n g e f f e c t . F o r c o n s i s t e n c y i n c a l c u l a t i o n t h e v a l u e 
was n o t a c c e p t e d a s z e r o . 
Grand a v e r a g e = U.OO p e r c e n t good o b j e c t s i n p i c k o u t s 
APPENDIX I I 
STATISTICAL ANALYSIS 
AND SAMPLE CALCULATIONS 
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C a l c u l a t i o n o f L e a r n i n g Curve 
I n t h e f o l l o w i n g t h e c a l c u l a t i o n of t h e l e a r n i n g c u r v e i s shown 
f o r t h e p i c k i n g r a t e s of d e f e c t i v e o b j e c t s . S i m i l a r c a l c u l a t i o n s were 
made f o r t h e c u r v e i n d i c a t i n g t h e l e a r n i n g e f f e c t i n t h e p i c k i n g q u a l i t y . 
A c c o r d i n g t o t h e s e q u e n c e o f t h e r u n s of e a c h o p e r a t o r t h e o b ­
s e r v e d numbers o f p i c k e d d e f e c t i v e o b j e c t s p e r m i n u t e we re p o o l e d and 
a v e r a g e d , i . e . d i v i d e d b y 9 , t h e number of o p e r a t o r s . These a v e r a g e 
v a l u e s we re coded f o r a l l 16 e x p e r i m e n t a l r u n s by s u b t r a c t i n g 80 p i c k o u t s 
p e r m i n u t e from e a c h r e a d i n g and we re r e c o r d e d a s "y" v a l u e s i n T a b l e 1 0 . 
The s e q u e n c e of e a c h r u n was coded by s u b t r a c t i n g 8 and was r e c o r d e d a s 
H x " v a l u e s . A f t e r p e r f o r m i n g t h e c o m p u t a t i o n s i n d i c a t e d i n T a b l e 1 0 , 
t h e r e s u l t s were s u b s t i t u t e d i n t h e n o r m a l e q u a t i o n s f o r t h e l e a s t 
s q u a r e s , c u r v e f i t t i n g g i v e n be low ( 3 5 ) : 
( 1 ) 16 a + 8 b + 3hh c = l $ l . l * 0 
( 2 ) 8 a + 3UU b + 512 c = 3 0 0 . 1 2 
( 3 ) 3bh a + 512 b + 13,1*1*8 c = 3,31*1.58 
By s o l v i n g t h e e q u a t i o n s s i m u l t a n e o u s l y , t h e f o l l o w i n g e q u a t i o n 
of t h e t h e o r e t i c a l l e a r n i n g c u r v e f o r p i c k i n g d e f e c t i v e o b j e c t s was 
o b t a i n e d : 
y t = 9.61*7 + .681* x - .021*5 x 2 
The c u r v e f o r t h i s e q u a t i o n h a s t h e p r o p e r t y of h a v i n g t h e sum of 
s q u a r e s of v e r t i c a l d e v i a t i o n s of t h e , ! y " v a l u e s from t h i s c u r v e s m a l l e r 
t h a n t h e c o r r e s p o n d i n g sum of s q u a r e s o f d e v i a t i o n s from a n y o t h e r c u r v e . 
T a b l e 1 0 . Summary S h e e t of C a l c u l a t i o n s f o r L e a r n i n g Curve 
x 2 x 3 x * x y 
2 x y 
. 5 3 k9 -3U3 21.01 - 3 . 7 1 2 5 . 9 7 3 . 6 6 
6 . 6 9 36 - 2 1 6 1296 -I4O.U4 2U0.8U U.66 
- 5 6 . 5 3 2 5 - 1 2 5 625 - 3 2 . 6 5 1 6 3 . 2 5 5 . 6 2 
- u 7 . 8 3 16 - 6k 256 - 3 1 . 3 2 1 2 5 . 2 8 6 . 5 2 
- 3 7 . 6 9 9 - 27 81 - 2 3 . 0 7 6 9 . 2 1 7 . 3 7 
7 . 8 9 - 8 16 - 1 5 . 7 8 3 1 . 5 6 8 .18 
- 1 8 .89 - 1 1 - 8 . 8 9 8 .89 8.9*. 
9 . 1 9 0 0 9 . 6 5 
10.9U 1 1 10.9U 1 0 . 9 u 1 0 . 3 0 
1 2 . 8 6 8 16 2 5 . 7 2 51.UU 1 0 . 9 2 
3 6 . 8 6 9 81 2 0 . 5 8 6 1 . 7 k 11.1.8 
k 1 2 . 3 1 16 6h 256 k9.2k 1 9 6 . 9 6 1 1 . 9 9 
5 25 125 625 5 7 . 2 0 2 8 6 . 0 0 1 2 . k$ 
1 3 . 7 5 36 216 1296 8 2 . 5 0 U95.00 12 .87 
7 1U.50 U9 3u3 2U01 1 0 1 . 5 0 7 1 0 , 5 0 1 3 . 2 3 
8 1 3 . 5 0 6U 512 U096 1 0 8 . 0 0 86U.00 1 3 . 5 5 
8 151.UO 3Uh 512 13,Uii8 300 .12 3 ,31 .1 .58 
6 3 
C a l c u l a t i o n o f I n d e x of C o r r e l a t i o n 
The i n d e x o f c o r r e l a t i o n i s a m e a s u r e of how w e l l a t h e o r e t i c a l 
c u r v e f i t s t h e d a t a from which t h e c u r v e was c a l c u l a t e d . I n c a l c u l a t i n g 
t h i s i n d e x , t h e t h e o r e t i c a l c u r v e was f i r s t f i t t e d t o t h e o b s e r v e d d a t a 
b y t h e method of l e a s t s q u a r e s a s d e s c r i b e d i n t h e p r e c e d i n g s e c t i o n , 
and s e c o n d , t h e c a l c u l a t i o n s were p e r f o r m e d a s o u t l i n e d b e l o w . F i g u r e 
6 shows t h e o b s e r v e d v a l u e s f o r which t h e t h e o r e t i c a l c u r v e and i t s 
i n d e x of c o r r e l a t i o n w e r e c a l c u l a t e d a s b e i n g t y p i c a l of t h e compu ta ­
t i o n s p e r f o r m e d f o r t h e c u r v e s i n F i g u r e s 1 5 t h r o u g h 1 9 . 
I n T a b l e 1 1 , t h e " x " v a l u e s r e p r e s e n t t h e s c o r e s o f e a c h o p e r a t o r 
on t h e d e x t e r i t y t e s t s wh ich w e r e g i v e n . The s c o r e s were coded b y s u b ­
t r a c t i n g $0 f rom e a c h v a l u e . The " y o " v a l u e s a r e t h e a v e r a g e c o r r e c t e d 
numbers of p i c k e d d e f e c t i v e o b j e c t s p e r m i n u t e of e a c h o p e r a t o r which 
were coded by s u b t r a c t i n g 80 p i c k o u t s . F i n a l l y , t h e " y ^ " v a l u e s a r e t h e 
r e s u l t s o b t a i n e d by s u b s t i t u t i n g t h e ffx" v a l u e s o f t h e o p e r a t o r s i n t o 
t h e c a l c u l a t e d t h e o r e t i c a l c u r v e . 
A f t e r p e r f o r m i n g t h e c o m p u t a t i o n s i n d i c a t e d i n T a b l e 1 1 , t h e 






i = l K7oJ 
• 
1 , 3 1 3 . 0 0 - ^ 8 ,23g»56 
i 
y 
S I . 7 ? 
9 
= 1 0 . 1 9 6 a 2 
y 
T a b l e 1 1 . Summary S h e e t f o r C a l c u l a t i o n s f o r I n d e x C o r r e l a t i o n 
C l a s s O p e r a t o r y o 
2 
y o .: y t y o " y t ( y o * y t ) 2 
: 2 2 . 0 0 U8U.00 3 7 . 5 0 18,3U 3 .66 1 3 . 3 9 
• 1 7 , 2 5 2 9 7 . 5 0 2 3 . 0 0 1 2 . 3 7 In 88 2 3 . 8 1 
1 6 . 5 0 2 7 2 . 2 5 U2 ,5o 20 .71 . U.2U 1 7 . 9 7 
1 8 . 7 5 7 6 . 5 0 9 . 5 o 8 . 1 3 . 62 . 3 8 
7 . 5 0 5 6 . 2 5 1 7 , 0 0 1 0 . 3 3 - 2 . 8 3 8 . 0 1 
. 2 5 6 , 2 5 - 1 6 . 5 0 3 .57 - 3 . 3 2 1 1 . 0 2 
i i i . 2 5 1 8 . 0 0 3 . 7 5 6 . 7 2 -2 .U7 6 . 1 0 
3 7 . 7 5 6 0 . 0 0 6 . 5 0 7 . 3 7 . 3 8 .11* 
3 6 . 5 0 U2.25 - 2 2 . 5 0 3 . 1 9 3 . 3 1 1 0 . 9 5 
9 0 . 7 5 1 , 3 1 3 . 0 0 1 0 0 . 7 5 9 1 . 7 7 
6 5 
AVE-RAcaE. ON P U R D O E P E J 3 , & O A * , D TZlCHJ UAND 
T E £ / r s , J -E.FJ W A N D JE~^JS A N D B O T H W A N D S JUL^DJ^ 
F i g u r e 1 5 - Average P i c k i n g Hate of D e f e c t i v e O b j e c t s p e r O p e r a t o r 
v e r s u s Average S c o r e on Purdue P e g b o a r d R i g h t Hand 
T e s t s , L e f t Hand T e s t s and Both Hands T e s t s 
nl 3C 1 , 0 
L E F T P A - U S B O T H H A N D S TEST"- 2 3 
F i g u r e 1 6 . Average P i c k i n g R a t e of D e f e c t i v e O b j e c t s p e r O p e r a t o r 
v e r s u s Average S c o r e on Purdue Pegboard R i g h t p l u s 
L e f t p l u s Both Hands T e s t s 
66 























£0 /CO SO AO SO «SO 70 <SO 9C 
A V E L R A < J E _ SCOR.EL ON PufcLDUL P E . 6 I E » O A R - D 
A S & E - M & L _ Y T E - S J S 
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F i g u r e 1 8 . Average P i c k i n g Ra te of D e f e c t i v e O b j e c t s p e r O p e r a t o r 
v e r s u s Average S c o r e on Purdue Pegboa rd R i g h t p l u s L e f t 




























O IO £0 3 0 AO 5 0 6 o 70 <90 ?0 /OO 
A V E _ ! * A £ . E - S C O C E . O N H O O R . E _ E_yE_ *~ W A N D COOPLDI -
N A J I O I N A N D C O L O R , - MATcwirsiCa J E S T ' S , 
F i g u r e 1 9 . Average P i c k i n g Ra te of D e f e c t i v e O b j e c t s p e r O p e r a t o r 
v e r s u s Average S c o r e on Moore Eye-Hand C o o r d i n a t i o n 
and C o l o r - M a t c h i n g T e s t s 
68 
A n a l y s i s of V a r i a n c e 
I n T a b l e 1 2 , t h e s o u r c e s o f v a r i a n c e , t h e i r numbers of l e v e l s 
i n t h e e x p e r i m e n t , and Model d e s i g n a t i o n s we re shown t o g e t h e r w i t h t h e 
s u p e r s c r i p t s and s u b s c r i p t s i n d i c a t i n g a p a r t i c u l a r ( o r g e n e r a l ) l e v e l 
of e a c h f a c t o r i n t h e a n a l y s i s . Us ing t h e n o t a t i o n o f S c h e f f e ( 3 ? ) t h e 
o b s e r v a t i o n s were r e g a r d e d a s b e i n g of a form e x p r e s s e d b y t h e f o l l o w ­
i n g model e q u a t i o n 
C O S D CS CD 
x jk lm ^ x x j k 1 xk x l 
OS DO DS CDS DOS R a . + a . + - c , , + •<„ _ + a . , + a . .. n x j k x j l Tel x k l x j k l x j k l m 
A c c o r d i n g t o t h e s u p e r s c r i p t s o f t h e model e q u a t i o n which i n d i ­
c a t e s t h e p o s s i b l e main e f f e c t s and i n t e r a c t i o n s , T a b l e s 1 3 and lU were 
c o n s t r u c t e d ( 3 8 ) . T a b l e 13 g i v e s t h e e q u a t i o n s from w h i c h t h e sums of 
s q u a r e s were d e r i v e d ; t h e i r m a g n i t u d e s a r e shown i n T a b l e lU* The mean 
s q u a r e s were c a l c u l a t e d by d i v i d i n g e a c h sum of s q u a r e s by t h e i r p a r t i ­
c u l a r d e g r e e s of f r e e d o m . The e x p e c t e d mean s q u a r e s w e r e t a b u l a t e d t o 
show w h i c h r a t i o s of mean s q u a r e s a r e a p p r o p r i a t e f o r t e s t i n g t h e v a r i ­
ous n u l l h y p o t h e s e s by t h e u s e of t h e F i s h e r F d i s t r i b u t i o n . I t can be 
s e e n , f o r i n s t a n c e , t h a t t h e D x 0 x S i n t e r a c t i o n was t e s t e d a g a i n s t 
t h e R e s i d u a l , w h i l e t h e D main e f f e c t was t e s t e d a g a i n s t t h e D x 0 i n t e r ­
a c t i o n . The O x S j D x O ; D x S and C x D x S i n t e r a c t i o n s were t e s t e d 
a g a i n s t t h e p o o l e d mean s q u a r e of R e s i d u a l and D x 0 x S i n t e r a c t i o n , 
w h i c h was o b t a i n e d by d i v i d i n g t h e i r a d d e d sums of s q u a r e s by t h e sum 
69 
of t h e i r d e g r e e s of f r eedom. For t h e s i g n i f i c a n c e t e s t of t h e 0 main 
e f f e c t a n a p p r o x i m a t i o n was employed a s d e s c r i b e d by Mood ( 3 9 ) . 
The r a t i o s we re compared w i t h v a l u e s t a k e n from t a b l e s f o r F 
d i s t r i b u t i o n s by means o f t h e i r a p p r o p r i a t e d e g r e e s o f f reedom and were 
r e j e c t e d when t h e i r m a g n i t u d e was g r e a t e r t h a n t h o s e of t h e t a b l e v a l u e s 
a t t h e i n d i c a t e d p r o b a b i l i t y l e v e l . R e j e c t i o n of t h e r a t i o means t h a t 
t h e s o u r c e of v a r i a n c e was s i g n i f i c a n t a t t h e i n d i c a t e d p r o b a b i l i t y 
l e v e l . 
Tab le 1 2 . A n a l y s i s of V a r i a n c e T a b l e 
S o u r c e of 
V a r i a n c e 
S u p e r -
S c r i p t 
S u b -
S c r i p t Model Symbol No. of L e v e l s 
C l a s s I 1 
O p e r a t o r 0 I I 0 
D e n s i t y - Speed S k I 4 b 
Damage C o n t e n t I 
4 
2 
R e p l i c a t e m I I 
R 
i j k l m 2 
T a b l e 1 3 . Components of A n a l y s i s of V a r i a n c e T a b l e , P a r t I 
.Source of D e g r e e s 
V a r i a n c e o f Freedom Components o f Sum of S q u a r e s 
x S 
C x D 
0 x S 
D x 0 
D x S 
18 
z s 2 s ' 
i 1 . . . . / J K L M ~ ./IJKLM 
Z . Z 
l j i j . . . / K I M " i ° i . . . . / J K I M 
Z Q 2 
k . . k . . / l J I M 
1 . . . 1 . / I J K M 





- ^ S 2 - Z s 2 
i k i . k . . / J L M " i i . . . . / J K L M " k . , k . . / U L M + S' 
2- S? i l 1 . . 1 . / JKM " i i . . . . / J K L M " 1 . . . l . / l J K M + S' 
,/lJKLM 
,/lJKLM 
^ S 2 - Z s 2 + * S 2 i j k i j k . . / D I ' i j i j , . , / K L M " i k i , k . . / J L M i i . . . , / J K L M 
i j l S i j . l . / K M " i j ° i j . . . / K L M ~ i l ° i . . l . / «TKM T i D i . . . # / J K L M 
- £ S 2 _ 21 s 2 + ^ s 2 
- Z s 2 - Z S 2 
k l . . k l . / U M " k . , k . . / u m ~ 1 . , . 1 . / I J K M + S
1 
,/lJKLM 
Tab le 1 3 . Cojnponents of A n a l y s i s of V a r i a n c e T a b l e , P a r t I 
( C o n t i n u e d ) 
S o u r c e o f D e g r e e s n . « _ „ c 
V a r i a n c e of Freedom Components of Sum o f S q u a r e s 
C x D x S Z _ q
2 Z. q 2 
i k l i . k l . / J M " i k i , k . . / J L M " 
Z q 2 + 2 q2 
k . . k . . / l J L M 1 . , . 1 . / I J K M 
Z s 2 
i l 1 . . 1 . / J K M 
q 2 
~ ° /IJKLM 
2 - q 2 
k l . . k l . / U M 
+ 2 s 2 
i i . . . . / J K L M 
D x 0 x S 18 > Q
2 Z _ Q 2 
i j k l i j k l . / M " i j k i j k . . / L M ~ 
+ Z q 2 * Z Q 2 
i k D i . k . . / J I K i l i , . l . / J K M 
Z _ c2 
i j l i j . l . / K M " 
" i 1 . . . . / J K L M 
Z . Q 2 
i k l i . k l . / J M 
+ Z Q 2 
i j 1 J . . . / K L M 
72 > x 2 ^ o2 i j k l m i j k l m "* i j k l i j k l . / M 
T o t a l 1U3 fe^-8!..../™ 
Tab le l U . Compcaients of A n a l y s i s of V a r i a n c e T a b l e , P a r t I I 
S o u r c e o f Degrees Sum of Mean 
V a r i a n c e of Freedom S q u a r e s Square E x p e c t e d Mean S q u a r e F - T e s t 
530,371* 265,187 2 , 2 k 2 , T 2 . 2 . 2i 265 ,187 o + DOS + DO + ^ O S + K U J 0 + " T ^ o T l « i 5 . o o # * 
1 0 6 , 0 2 6 1 7 , 6 7 1 a o + CTD0S + K a D 0 + ^ O S + K I 4 
1 7 , 6 7 1 
J "U,8U9 
3.6U* 
3 3 9 5 , 1 9 0 131 ,730 a 2 + a 2 ^ + L a 2 ^ + I J L a 2 ' 1 3 * ^ ° = 5 2 . 2 5 * * * 
1 6 3 , 2 1 6 1 6 3 , 2 1 6 a o + a D0S + K a D 0 + I J K C T D ' 
1 3 6 , 2 1 6 s ^ ? ? 8 
3,092 > Z - / W H W 
C x S 6 , 0 6 9 ^ a o + a D 0 S + * 4 > + ^ C S 
1 , 0 1 1 , n 
C x D 
0 x S 






2 , 5 2 1 
3 ,092 
CTo + CTDOS + K ° D 0 + ^ C D 
2 2 2 
° o + a D 0 S + to0S 
2 2 2 
° o + a D0S + K Q D 0 
- ^ 5 = 1 .20 
3 ,092 
s 1 . 7 7 * 
T H 2 7 
« 2 17 
T a b l e l lw Components of A n a l y s i s of V a r i a n c e T a b l e , P a r t I I 
( C o n t i n u e d ) 
S o u r c e of 
V a r i a n c e 
D e g r e e s 
of Freedom 
Sum of 
S q u a r e s 
Mean 
Squa re E x p e c t e d Mean S q u a r e F - T e s t 
D x S 12,1*35 U,ii*5 a2 o + a D0S + I J C T D S 
l*,il*5 
1,1*27 = 2 . 9 0 * 
G x D x S 6 7,51*8 1 ,258 <? 
o 
+ a D0S + J C TCDS 
1 ,258 
1,1*27 - . 8 8 
D x 0 x S 18 13,710* 761* <? 
o 




19 lll*,65X) 1,593 0 
T o t a l ll*3 1,1*20,636 993,1*52 
* D e n o t e s s i g n i f i c a n c e a t t h e . 0 5 l e v e l 
* * D e n o t e s s i g n i f i c a n c e a t t h e . 0 1 l e v e l 
Deno te s s i g n i f i c a n c e a t t h e . 0 0 1 l e v e l 
? 5 
C a l i b r a t i o n of t h e Gate 
I n C h a p t e r I I o n e - h u n d r e d p e r c e n t d e n s i t y of t h e o b j e c t s on t h e 
b e l t was d e s c r i b e d a s an e x p e r i m e n t a l l y d e r i v e d f i g u r e f o r which n o 
s t a n d a r d measure i s a v a i l a b l e . Th i s f i g u r e was e s t a b l i s h e d by p l a c i n g 
t h e o b j e c t s i n such a manner i n a u n i t a r e a on t h e b e l t t h a t t h e r e was 
n o room f o r more o b j e c t s w i t h o u t t h e i r h a v i n g t o r e s t on t o p of o t h e r s . 
F i f t e e n c o n s e c u t i v e t i m e s t h e o b j e c t s , p l a c e d i n a u n i t a r e a of 72 s q . 
i n c h , were w e i g h t e d and from t h e o b s e r v e d v a l u e s t h e a r i t h m e t i c mean was 
c a l c u l a t e d t o b e 1 7 5 . 0 g r a m s . 
From a c a l c u l a t i o n of t h e s t a n d a r d d e v i a t i o n (cr^ • 6 . 5 6 g rams) 
and t h e number of s amples t a k e n , t h e s t a n d a r d e r r o r from t h e o b s e r v e d 
mean was d e r i v e d a s f o l l o w s : 
a 
s u b s t i t u t e d 
a - r=±r = 1 .70 grams 
X 
T h i s e r r o r was b e l o w 1 p e r c e n t of t h e mean which was c o n s i d e r e d 
t o be s a t i s f a c t o r y i n t h e e x p e r i m e n t s . 
Wi th a d e f i n i t i o n of 100 p e r c e n t d e n s i t y t h e g a t e o p e n i n g was 
c a l i b r a t e d f o r e a c h of t h e t e s t e d d e n s i t i e s a t t h e i r r e s p e c t i v e b e l t 
s p e e d s . No c a l i b r a t i o n mark was made b e f o r e 15 c o n s e c u t i v e r e a d i n g s 
f a l l i n g w i t h i n 1 p e r c e n t of t h e s p e c i f i c d e n s i t y l e v e l we re o b t a i n e d . 
The r e a d i n g s were t a k e n by means of a f rame (72 s q . i n c h ) which was 
p l a c e d on t h e b e l t a t a l o c a t i o n marked on t h e a p r o n . 
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"DAMACJ t C6NTF-NT 2. 
( <t- PE.R. CE-NTJ 
CAM AGE- CONf£-NT I 
(2, PE.B-C6-NT) 
too TjEl/r SPE.E.D ( F T / M J N ) 
/o DE_N3i7y (PELR. C E L N J ) 
DAMAGE. CONTE.NJ 2. 
DAMAGE I 
(Z. PCR. CJLMTj 
IOO &EJ_X -5PE-E.D (FT/MIN) 
IO DE-N&IJY (PER* CEjVf) 
DAMACE. CONTENT 2. 
(H- PER- ci-NTJ 
DAMAGE. COMTENT I 
(2. FtH. CJLNT) 
JOO E>EJ--T Z*PELE.D (FT/MtN) 
F i g u r e 2 0 . Ave rage P i c k i n g R a t e s of D e f e c t i v e O b j e c t s v e r s u s 
D e n s i t y - B e l t Speed C o m b i n a t i o n s f o r Damage 











a U U 
{£ 5" 
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DAM AO E. CONTE.NT a 
(A PE.E. C£>IJ) 
DAMAGE. CONTE-NJ I 
( 2, FE.R- CtMT) 
IOO BE.LJ SPE-E.D ( F T / MiN) 
to D E J M S I T T ' (PE.R- CE-NT) 
Y7^ 
QPELR-ATQR-^ £ 
DAMA&L CONTENT £. 
PER. CENT) 
DAMAGE. CONTENT | 
o 10 
IOO 
40 TO /oo E>EJ_T £>PE.E_D ( F T / M I N ; 







"DAMAGE CONTENT tZ. 
(A PER- CE.NT) 
DAMAGE. CONTENT 1 
(t PELC CLNJ) 
IOO E>EU_T ^>PE-E.D ( F T / M I N ) 
(0 D E J M J S I T V ( P £ - R - C E > J T ) 
F i g u r e 2 1 . Average P i c k i n g R a t e s o f D e f e c t i v e O b j e c t s v e r s u s 
D e n s i t y - B e l t Speed C o m b i n a t i o n s f o r Damage 









OPE-R-A J O R , I 
DAMAGE. CONJE-NJ" Z 
DAMAGE. COIMTE-Nf 1 
(2. PEJZ- CENT) 
I .:> 
ICO 
4 0 70 
IS 
ICO BC_L.T £>PE-E-D ( F T / M I N ) 








DAMAGE. CONTENT Z 
PER. CXXT) 
DAMAGE CONTENT • 
(2. PER- CENT} 
IOO E»EJ-J S P F F D ( F T / M / N ) 
IO DE-NfelJy* (PEJ5- C L N J ) 
DAMAGE. CONTENT 2 
(A* PE.R. CE-NT) 
DAMAGE. CONTEJsiy ( 







IOO E>EXT S P C . E D (FT/MtN) 
IO D E - N S I J Y (FEJS. CE-NIT") 
F i g u r e 2 2 . Average P i c k i n g R a t e s of D e f e c t i v e O b j e c t s v e r s u s 
D e n s i t y - B e l t Speed C o m b i n a t i o n s f o r Damage 
C o n t e n t s and O p e r a t o r s o f C l a s s 3 
Table 1 5 . Ranges of D e n s i t y - B e l t Speed Combina t i ons f o r Ciptimum P i c k i n g R a t e s o f D e f e c t i v e O b j e c t s 
Range of D e n s i t y i n P e r Cent f o r Maxi - Range of B e l t Speed i n F e e t P e r Minu te 
mum Number o f P i c k e d D e f e c t i v e O b j e c t s f o r Maximum Number o f P i c k e d D e f e c t i v e 
C l a s s O p e r a t o r P e r Minu te - 1 , a t Damage C o n t e n t s of O b j e c t s P e r Minu te - 1 , a t Damage 
C o n t e n t s of 
2 
P e r Cent 
h 
Per Cent 
2 a n d it 
P e r Cent 
2 
P e r Cent 
it 
P e r Cen t 
2 and it 
P e r Cent 
1 2 1 . 7 - 1 U . 7 2 5 . 6 - 1 8 . 2 2 1 . 7 - 1 8 . 2 U6-68 3 9 - 5 5 1*6-55 
1 2 2 7 . 7 - 1 8 . 8 2 5 . 6 - 1 7 . 2 2 5 . 6 - 1 8 . 8 36 -53 39-58 39 -53 
:• 3 1 . 2 - 1 6 . 6 2 7 . 7 - 1 9 . 2 2 7 . 7 - 1 9 . 2 32-60 36-52 36-52 
2 8 . 6 - 2 0 . 0 2 7 . 7 - 1 7 , 8 2 7 . 7 - 2 0 . 0 35-50 3 6 - 5 6 36 -50 
2 2 2 8 . 6 - 1 9 . 6 2 6 . 3 - 1 7 . 2 2 6 . 3 - 1 9 . 6 3 5 - 5 1 3 8 - 5 8 3 8 - 5 1 
2 8 . 6 - 1 9 . 2 2 6 . 3 - 1 5 . 6 2 6 . 3 - 1 9 . 2 35-52 38-6JU 38-52 
1 2 7 . 7 - 2 0 . 0 2 6 . 3 - 1 6 . 1 2 6 . 3 - 2 0 . 0 36 -50 38-62 3 8 - 5 0 
ro
 
3 0 . 3 - 2 0 . 8 3 0 . 3 - 2 0 . i t 3 0 . 3 - 2 0 . 8 33-it8 33-U9 33-1*8 
2 7 . 8 - 2 0 . l t 2 6 . 3 - 1 6 . 6 2 6 . 3 - 2 0 . U 36-1*9 3 8 - 6 0 38-1x9 
Range Common t o 
A l l O p e r a t o r s 
(Crpt:Lmum Range) 




4 - 9 -











O P L ^ A X P A 
AC 
2.5 










DAMAGE. OONTE.NT I 
(2. PER. CENT) 
DAMAGE. CDNfEKlT £ 
(A PER. CENT) 
IOO B E J - | S P E E D (FT/MIN) 
IO DENfr/TY ( P E R C E N T ; 
1 
3 
(2. PER. CENf) 
DAMAGE, CONf EX J 2. 
CA PER- CE-Nj; 
/oo B E L T . S P E E D ( F T / M I N ) 
DAMAGE CONJEXT 2 
(A PER. CENT; 
DAMAGE. CONTENT I 
( i PER. CENJ; 
IOO B E L T - S P F E J > ( F T / M I N ) 
IO D E N S I T Y / ( P E R - C E N T ) 
F i g u r e 2 3 . Average P i c k i n g Q u a l i t y E x p r e s s e d i n P e r Cen t 
v e r s u s D e n s i t y - B e l t Speed C o m b i n a t i o n s f o r 
Damage C o n t e n t s and O p e r a t o r s of C l a s s 1 
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DAMAGE. CONTENJ I 
PC-R, CJE-HT) 
"DAMACaE CONJEJSJ d. 








DAMAGE. CON TEN f" 2 
PER- CEJ^T") 
DAMAGE CON JEN T I 
(2, PE_R_ CENT) 
ICO B t X T 5 p £ f D (FT/^TfN) 







, DAMAGE. CJONTEJVJ J 2, 
(-4- PER- C-Efsj) 
X DAMAGE- CON JEN J 1 
( 2 PEA. CEJST; 1 
IOO ESEJ.]" ^SPE£LD ( r r / r - t iN) 
F i g u r e 2U- Average P i c k i n g Q u a l i t y E x p r e s s e d i n Pe r Cent 
v e r s u s D e n s i t y - B e l t Speed C o m b i n a t i o n s f o r 
Damage C o n t e n t s and O p e r a t o r s of C l a s s 2 
a? 



















DAMAGE. CON f£_N ]" / 
(2. PER, CENT) 
DAMA6L CONjEJ^f Z 
(A PEA. cENf) 
ico BELLT J 5 P E . E - D ( F T / M I N ) 
(O D E - N b l J Y (PE-E. C t N f ) 
DAMAGE. CONJE>4J I 
( I PEA CENT} 
DAMAGE. CONTENT 2. 
(A PER. CEK17) 
ioo B c x f 5 P £ £ . D ( FT/MJNJ 
lO D E - N ^ I f Y (PER. CZhij) 
DAMAGE CONTENT ' 
(2. PER. CENT) 
DAMAGE. CON TEX 7 ^ 
(A PER. CEJMT") 
OO tbELj s3PF.FD ( FJ/MIN) 
F i g u r e 2 5 . Average P i c k i n g Q u a l i t y E x p r e s s e d i n P e r Cent 
v e r s u s D e n s i t y - B e l t Speed C o m b i n a t i o n s f o r 
Damage C o n t e n t s and O p e r a t o r s of C l a s s 3 
T a b l e 1 6 . Ranges of D e n s i t y - B e l t Speed Combina t i ons f o r High Q u a l i t y i n t h e P i c k o u t s 
C l a s s O p e r a t o r 
Range of D e n s i t y i n P e r Cent f o r M i n i ­
mum P e r Cen t of Good O b j e c t s i n P i c k o u t s 
+ 1 P e r C e n t , a t Damage C o n t e n t s of 
Range of B e l t Speed i n F .P .M. f o r 
Minimum P e r Cent of Good O b j e c t s 
i n P i c k o u t s + 1 P e r C e n t , a t Damage 
C o n t e n t s of 
2 
P e r Cent 
k 
P e r Cent 
2 and U 
P e r Cen t 
2 
P e r Cent 
li 
P e r Cent 
2 and h 
P e r Cent 
1 U 5 . 4 - 2 2 . 7 5 5 . 5 - 2 5 . 0 U 5 . 5 - 2 5 . 0 22-UU 18-1.0 22-1*0 
1 0 0 . 0 - 2 h . 3 1 0 0 . 0 - 2 3 . 3 1O0 .0 -2U.3 l o - U i 10-1.3 10-1*1 
3 1 . 2 - 1 9 . 2 1 0 0 . 0 - 2 5 . 0 3 1 . 2 - 2 5 . 0 32-52 10-1*0 32-1*0 
1 0 0 . 0 - 2 2 . 2 1 0 0 . 0 - 2 3 . 8 1 0 0 . 0 - 2 3 . 8 10-1.5 10-1.2 10-1*2 
'•: 1 0 0 . 0 - 2 9 . h 2 0 . 0 - 1 2 . 5 None 10-3U 50 -80 None 
3 1 0 0 . 0 - 2 1 . 7 3 3 . 3 - 2 0 . 8 3 3 . 3 - 2 1 . 7 10-1.6 30-1.8 30-1*6 
1 1 0 0 . 0 - 1 8 . 2 1 0 0 . 0 - 1 6 . 6 1 0 0 . 0 - 1 8 . 2 i o - 5 5 1 0 - 6 0 1 0 - 5 5 
:: 2 0 . 0 - 1 2 . 1 2 2 . 7 - 1 2 . 1 2 0 . 0 - 1 2 . 1 50 - 82 l ia-82 50 -82 
: 3 8 . 5 - 2 0 . 8 1 .1 .6-17.8 3 8 . 5 - 2 0 . 8 2 6 - 4 8 21.-56 26-1.8 
Range Common t o 
A l l O p e r a t o r s None None None None None None 
(Optimum Range) 
au 
Economy S t u d y of t h e E f f e c t of Good O b j e c t s i n t h e T o t a l P i c k o u t s 
Upon t h e C o s t s of Hand Q u a l i t y P i c k i n g 
The s t u d y i s b a s e d upon S p a n i s h - t y p e p e a n u t s and t h e economic 
c o n d i t i o n s of t h e y e a r 195? ( u O ) . 
Va lue of e d i b l e p e a n u t s = . 20 $ / l b s . 
Va lue of d e f e c t i v e p e a n u t s 
u s e d f o r o i l s t o c k - . 1 1 $ / l b s . 
Loss i n v a l u e of good p e a n u t s 
p l a c e d i n t h e p i c k o u t s = . 0 9 $ / l b s 
Average t o t a l p i c k o u t r a t e p e r 
o p e r a t o r 
Average p e r c e n t good p e a n u t s 
i n p i c k o u t s 
A v e r a g e number o f k e r n e l s p e r 
pound of S p a n i s h p e a n u t s 
Assumed w o r k i n g t i m e p e r day 
Loss i n v a l u e due t o good p e a ­
n u t s i n t o t a l p i c k o u t s p e r day 
p e r o p e r a t o r 
= 70 k e r n e l s p e r m in . 
= 5 p e r c e n t 
= 1 ,500 k e r n e l s 
= 8 h o u r s 
7 0 x . 0 5 x 60 x 8 x . 0 9 
i 7 ? o o 
= . 1 0 $ p e r day p e r 
o p e r a t o r 
A t o t a l c o s t of o n l y . 1 0 $ p e r work ing day p e r o p e r a t o r due t o 
5 p e r c e n t good p e a n u t s i n t h e t o t a l p i c k o u t s can be n e g l e c t e d i n f u r ­
t h e r economy c o n s i d e r a t i o n s . 
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